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1.  INTRODUCTION 


This  Ground  Verification  Test  (GVT)  report  is  a  sutmtary  of  the  FSC-F2 
thruster  anomaly  investigation  activities  performed  by  TRW  Product 
Engineering  to  verify  certain  postulated  mechanisms  which  may  be  respon¬ 
sible  for  the  apparent  malfunction  of  three  1.0  lb^  thrusters  and  one 
0.10  lbf  thruster.  The  +PA  thruster  operating  characteristics  (loss  of 
impulse  of  first  1  to  2  pulses  during  vrfieel  unload)  is  indicative  of  and 
has  been  attributed  to  a  leaky  down- stream  seat  in  the  dual  seated  thruster 
propellant  valve,  which  was  verified  via  this  ground  test  and  discussed 
herein.  The  remaining  failures  are  varied  and  do  not  indicate  a  common 
failure  mechanism  e.g.,  total  cessation  of  thrust  from  one  1.0  lb^  thruster 
(-Z1A),  intermittent  loss  of  impulse  from  another  1.0  lb^  thruster  (-PB), 
and  total  cessation  thrust  from  the  0.10  lb^  thruster  (-RYB). 

Thruster  valve  driver  electronics  (VDE)  have  been  analyzed  and 
verified  to  be  operating  nominally.  The  possibility  of  thruster  valve  coil 
"shorts"  was  also  investigated  and  determined  to  be  a  nonviable  candidate, 
thereby  eliminating  electrical  failures  from  further  consideration 
(Reference  80.4721.2-101  dated  10  April  1980). 

It  was  therefore  concluded  that  the  most  probable  cause  of  the 
problems  (other  than  +PA)  is  associated  with  either  pressurant  gas  on  the 
liquid  side  of  the  tank  diaphragms  or  from  localized  contamination  within 
the  thruster  assemblies  themselves.  The  probability  of  general  propulsion 
system  contamination  is  considered  to  be  quite  low  because  of  the  extensive 
nominal  operation  of  the  other  thrusters.  The  RCS  anomaly  Ground 
Verification  Test  was  established  to  investigate  these  remaining  potential 
thruster  anomaly  mechanisms. 
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2.  BACKGROUND 


Four  anomalies  have  occurred  recently  (November  1979  to  March  1930 
time  frame)  involving  thrusters  on  the  FLTSATCOM  Flight  2  spacecraft.  A 
general  suirmary  of  these  four  anomalies  is  as  follows: 

•  +PA  thruster.  This  is  a  1.0  lbr  thruster  used  primarily  for 
wheel  unloading  and  pitch  control.  The  thruster  began 
operating  in  an  anomalous  manner  during  the  wheel  unloading 
operations  in  late  1979.  The  type  of  problem  experienced  was 
loss  of  impulse  during  the  first  few  pulses  in  a  5  to  10  pulse 
train.  Telemetry  data  indicates  this  behavior  is  consistent 
and  therefore  an  anomalous  condition  which  is  stable  and 
predictable.  Late  December  1979  the  +PA  thruster  was  "burned 
out"  with  a  rapid  series  of  — 100  msec  pulses  (n,50  to  100 
pulses).  The  thruster  was  then  cooled  down  to  ambient  and 
subsequently  fired  in  a  wheel  unload  sequence.  The  wheel  ARPM 
pulse  data  indicated  thruster  performance  was  back  to  nominal. 
However,  the  very  next  burn  (n.3  weeks  later)  thruster 
performance  was  back  down  again. 

•  -PB  -  1.0  lbf  thruster.  During  the  last  10  to  15  seconds  of 
the  14l3  secSnd  aV  burn  on  -Z IB  and  +Z2B,  satellite  rate  data 
indicated  that  the  -PB  thruster  was  underperforming  (either 
missing  pulses  or  putting  out  low  efficiency  pulses).  After 
several  missed  pulses  and  termination  of  the  AV  maneuver,  the 
AVCS  continued  to  command  -PB  to  pulse  whereupon  -PB  was  able 
to  take  control  and  bring  the  satellite  into  the  required 
range.  The  -PB  thruster  was  later  calculated  to  be  operating 
at  nominal  efficiency  again. 

•  -Z1A  -1.0  lb^  thruster.  After  operating  nominally  for  66  sec¬ 
onds  during  aTAV  burn,  -Z1A  failed  "off"  completely  in  that 
while  it  was  still  commanded  in  both  the  steady  state  and  off- 
modulation  modes,  it  produced  an  undetectable  amount  of  force. 
No  further  attempts  to  restart  -Z1A  have  been  made  to  date  so 
the  current  operating  status  of  -Z1A  is  yet  undetermined. 

•  -RYB  -  0.1  lbr  thruster.  The  -RYB  anomaly  occurred  on 

28  February  1980  where  it  was  noted  during  a  routine  pass  that 
the  roll/yaw  rates  were  getting  excessive,  indicating  no  output 
from  -RYB.  Barrier  tube  temperature  data  indicated  that  -RYB 
was  not  firing  so  Roll/Yaw  control  authority  was  switched  to 
+RYA  thrusters  which  subsequently  eliminated  the  RY  error. 
Approximately  5  hours  later  -RYB  was  again  commanded  on  man¬ 
ually  at  a  rate  of  three  pulses  per  second  for  5  minutes  and  no 
temperature  rise  was  observed.  It  was  concluded  that  -RYB  had 
failed  "off."  Note  that  initial  firings  of  the  -RYB  thruster 
were  performed  with  the  bank  "B"  isolation  valve  closed. 
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$  Several  mechanisms  have  been  postulated  as  potential  or  probable 

causes  of  the  anomalies.  The  postulated  failure  modes  which  were  addressed 
in  this  ground  test  procedure  are  as  follows: 

•  What  effects  of  gas  bubbles  entrapped  in  the  propellant  feed 
system  have  on  thruster  operation  as  applied  directly  to  the 
-PB,  -ZiA  and  -RYB  thruster  failures 

•  Is  thermal  "choking"  (propellant  decomposition  upstream  of  the 
injector)  a  possible  operating  mode  for  FSC  thrusters  and  could 
it  be  a  candidate  for  the  observed  anomalous  behavior 

•  Determine  if  a  leaky  downstream  valve  seat  could  cause  a  loss 
of  impulse  as  observed  from  the  +PA  thruster. 

The  remaining  possible  failure  mechanism  which  was  not  addressed  in 
this  test  is  contamination. 


R5- 168-80 


2-2 


3.  TEST  OBJECTIVE 


The  objective  of  this  test  program  is  to  improve  the  understanding  of 
how  FSC-type  thrusters  operate  in  certain  anomalous  conditions.  This 
information  could  aid  in  determining  the  cause  of  the  on-orbit,  anomalies, 
determining  recommendations  for  flight  operations  and,  possibly,  corrective 
actions  for  future  flights. 

The  test  is  segregated  into  three  categories  (Tasks  I  through  III) 
each  with  individual  objectives  as  outlined  below: 

•  Task  I  -  Gas  bubble  injection  (-Z1A,  -  PB  and  -RYB  failures) 

These  tests  were  performed  to  study  performance  parameters  and 
temperature  profiles  of  both  the  0.10  lb^  and  1.0  lb^  thrusters 
to  determine  their  response  during  pulse  mode  firingwith  gas 
bubbles  in  the  system. 

Also  included  in  this  task  was  a  direct  simulation  of  the  -Z1A 
on  orbit  failure  to  investigate  the  1.0  lb,  thrusters 
susceptibility  to  "choking"  given  the  apparent  FSC  operating 
constraints. 

•  Task  II  -  Closed  iso  valve  (-RYB  failure) 

The  objective  of  this  task  was  to  measure  thruster  response 
(both  1.0  lbr  and  0.10  lb.  thrusters)  to  "dry  firing"  (closed 
isolation  valve).  Testing  the  0.10  lb.  thruster  in  this 
configuration  attempted  to  reproduce  the  -RYB  failure.  Firing 
the  1.0  lb.  thruster  in  this  test  enabled  characterization  of 
the  observed  response  during  nominal  sun-acquisition  checkout 
maneuvers  performed  during  the  ascent  operations. 

•  Task  III  -  Simulation  of  leaky  valve  seat  (+PA  thruster) 

This  task  reproduced  the  failure  mode  of  the  +PA  1.0  lb. 
thruster  by  firing  with  a  "dry"  valve  to  simulate  a  downstream 
seat  leak  in  the  thruster  propellant  valve. 


4.  SUMMARY/CONCLUSIONS 


The  following  is  a  consolidated  version  of  Section  10  of  this  report 
entitled  GVT  Test  Results/Conclusions. 

•  System  entrapped  gas  (GN„)  bubbles  have  been  determined  to 
cause  random  loss  of  impulse  indicative  of  the  -PB  failure 
mode. 

•  GN^  gas  bubbles  can  support  sustained  periods  of  reduced 
impulse  (<10  percent  of  nominal)  as  observed  from  the  RYB 
thruster. 

t  The  +PA  postulated  failure  mode  (leaky  downstream  valve  seat) 
has  been  veri fied. 

•  Isolation  Valve  "closed"  thruster  firings  have  been  determined 
nondetrimental  to  thruster  health  in  the  near  term. 

•  The  0.10  lb/:  thruster  was  found  to  be  susceptible  to  choking 
under  certain  extreme  operating  modes  not  readily  obtainable  in 
fl ight  appl ications. 

•  The  1.0  lb,  thruster  will  not  "choke"  when  operated  within 
nominal  FSC  modes . 
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5.  CORRECTIVE  ACTION  FORECAST 


The  following  items  are  recommended  to  aid  in  the  Flight  2  anomaly 
investigation  and  prevent  similar  failures  on  future  spacecraft. 

•  Review  potential  for  introducing  contamination  during  RCS 
handling,  testing  and  servicing  operations 

•  Obtain  additional  flight  data  without  risk  to  spacecraft  health 

•  Establish  corrective  actions  for  Flight  2  to  minimize 
additional  problems,  e.g.,  maintain  single  tank  operation, 
bleed  bubble,  etc. 

•  Actions  already  taken  to  prevent  contamination  introduction 
include  hot  f — e  acceptance  testing  with  "slave"  thruster 
valves,  and  >  jpellant  loading  procedure  modifications. 


6.  TEST  HARDWARE 


The  test  item  is  a  FSC  similar  dual  thruster  module  wherein  two  thrus¬ 
ters  are  mounted  (1.0  lb^  thruster  and  0.10  lb^  thruster).  The  DTM  is 
otherwise  identical  to  FSC  flight  units  with  thermostats,  catalyst  bed 
heaters,  heat  shields,  valve  heaters,  bracket  and  thermal  standoffs  inclu¬ 
sive.  The  DTM  is  shown  in  Figures  6-1  and  6-2.  The  DTM  was  built  to 
conform  with  TRW  Drawing  412620  except  the  right  side  thruster  is  a  0.10 
lbf  thruster  with  all  the  associated  hardware  as  per  TRW  Drawing  412118. 

The  1.0  lbf  thruster  is  a  flight  spare  which  was  modified  to  incor¬ 
porate  a  chamber  pressure  tap  (Pc)  for  performance  measurement. 

The  0.10  lbf  thruster  was  also  a  FSC  flight  spare  thruster  chamber 
assembly.  The  chamber  and  nozzle  were  removed  to  allow  installation  of  a 
Pc  tap  in  the  nozzle.  The  thruster  was  then  reassembled,  catalyst  loaded, 
and  reconfigured  to  a  thruster  assembly. 

The  piece-part  serial  numbers  of  the  major  component  parts  of  the  DTM 


is  as  follows: 

•  0.10  lbf  thrust  chamber  316 

•  1.0  lbf  thrust  chamber  319 

t  Thruster  propellant  valve  (1.0  lbf)  311A 

•  Thruster  propellant  valve  (0.10  lbf).  334A 

•  0.10  Ibf  thruster  316 

•  1.0  lbf  thruster  319 

§  Dual  Thruster  Module  X100 
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7.  TEST  SET-UP/INSTRUMENTATION 

The  test  was  performed  in  the  low  thrust  test  facility  in  Building  01, 
Room  1361.  The  DTM  was  installed  in  vacuum  chamber  No.  2,  capable  of 
simulating  altitudes  of  greater  than  100,000  feet.  The  entire  propellant 
supply  system  with  the  exception  of  GN2  pressurant  was  installed  inside  the 
vacuum  chamber.  Two  propellant  supply  tanks  (1  gallon  each)  were  used  to 
perform  the  test.  The  feed  system  is  a  reproduction  of  the  FLTSATC0M  on¬ 
board  system  which  utilized  flight-type  isolation  valves,  a  facility  filter 
immediately  downstream  of  the  tank,  and  propellant  lines  of  the  exact  size 
and  length  of  the  spacecraft  system  (variable  to  accommodate  different 
thruster  locations). 

In  addition,  several  in-line  components  were  added  to  allow  testing 
under  special  controlled  conditions.  These  and  other  FLTSATC0M  dissimilar 
components  necessary  to  facilitate  testing  are  outlined  below: 

•  A  special  GN2  source  with  associated  lines  and  fittings 
necessary  to  enable  GN2  saturation  of  the  propellant  in  the 
tank 

t  A  shutoff  valve  near  the  propellant  tank  outlet  and  an  aspirate 
valve  near  the  thruster  inlet  (twenty  inches  upstream) 

•  A  pressure  transducer  near  the  thruster  inlet  to  record  system 
pressure 

•  A  parallel  path  line  system  (164  inches  in  length)  to  inject 
GN2  bubbles  into  the  primary  line  system  during  thruster 
operation. 

A  schematic  of  the  entire  feed  system  is  shown  on  Figure  7-1.  Each 
task  employs  a  different  line  length  (variable  portion)  to  provide  a  direct 
comparison  to  spacecraft  interface.  The  line  system  was  built  with  swage- 
lock  fittings  with  teflon  ferrels.  To  minimize  possible  gas  entrapment 
areas,  the  entire  system  was  built  within  one  horizontal  plane  as  much  as 
possible.  The  test  system  is  pictured  on  Figures  7-2  and  7-3. 
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Figure  7-1.  Propellant  Feed  System 
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8.  TEST  MATRIX 


A  complete  sumnary  of  all  the  tests  performed  along  with  objectives 
and  results  of  each  test  is  shown  on  Table  8-1.  The  test  matrix  is 
separated  into  three  major  categories  (Tasks  I  through  III)  as  outlined 
earlier.  An  additional  category  (selected  retest)  was  formed  to  provide  a 
means  of  retesting  to  investigate  further  or  confirm  results  of  the  basic 
test  plan.  Both  thrusters  also  were  exposed  to  a  nominal  baseline  perfor¬ 
mance  test  sequence  both  with  saturated  propellant  and  unsaturated  pro¬ 
pellant  to  insure  nominal  thruster  operation.  All  other  tests  were  run 
with  GN^  saturated  propellant  unless  otherwise  noted. 

A  description  of  the  various  operating  modes  of  each  of  the  four  test 
categories  is  given  in  the  following  paragraphs. 

8.1  TASK  I  TESTING 

All  tasks  performed  in  Task  I  have  test  numbers  of  the  format  I  -  XX 
(See  Table  8-1).  Tests  were  broken  down  into  two  major  categories  (Tests  1 
and  2).  Test  1  includes  operation  of  both  the  1.0  lbf  thruster  and  0.10 
1  b  ^  thruster  in  their  respective  pulsing  modes  (0.050  sec  pulses  0  1  Hz  for 
the  1.0  lbf  thruster  and  0.020  sec.  on  0  1  Hz  for  the  0.10  lb^.  thruster). 
Two  different  size  bubbles  (10  cc  and  100  cc)  were  ingested  by  each 
thruster  while  pulsing.  The  feed  system  was  configured  in  accordance  with 
Figure  7-1  (variable  line  length  equals  37  inches). 

The  second  portion  of  Task  I  testing  (Test  2)  was  performed  using  the 
1.0  lbf  thruster  in  a  simulation  of  the  -Z1A  failure  aV.  The  thruster  was 
fired  steady  state,  then  "off -modulated"  according  to  the  FSC  flight  opera¬ 
ting  modes.  Bubbles  of  two  sizes  (10  cc  and  100  cc)  were  introduced  along 
with  elevated  valve  temperatures  in  an  attempt  to  reproduce  the  -Z1A  fail¬ 
ure  by  "choking"  the  thruster.  The  variable  line  length  of  the  feed  system 
was  again  set  at  37  inches  as  the  system  was  configured  to  Figure  7-1. 
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8.2  TASK  II  ISOLATION  VALVE  CLOSED 

Task  II  tests  were  separated  into  two  categories  (Test  1  and  Test  2) 
with  their  respective  test  designations  of  1 1 - 1 XX  and  II-2XX  (see  Table 
8-1). 

The  test  system  was  built  in  accordance  with  Figure  7-1.  Tests  were 
performed  on  botn  thrusters  with  the  upstream  isolation  valve  (V2)  closed, 
then  again  with  the  valve  open  in  both  steady  state  and  in  pulse  mode. 

The  sequence  of  testing  along  with  conditions  of  each  test  is  shown  on 
Table  8-1. 

8.3  TASK  III  -  "DRY"  VALVE  FIRING 

Task  III  was  performed  with  the  feed  system  configured  to  Figure  7-1 
(variable  line  length  of  165  inches).  The  tests  are  designated  with  a 
prefix  "III"  (see  Table  8-1).  Three  distinct  iterations  of  the  "dry"  valve 
firing  were  performed  with  the  first  being  incorporated  into  the  first  test 
of  the  baseline  performance  series.  Three  more  tests  were  run  with  varying 
duty  cycles  as  part  of  the  selected  retest  sequence  described  in  the 
following  paragraph. 

8.4  SELECTED  RETEST 

Additional  tests  performed  were  designated  with  a  prefix  "SR".  These 
tests  were  designed  to  investigate  or  confirm  earlier  results  obtained 
during  the  basic  test  plan. 

The  objectives  of  the  individual  SR  tests  and  their  respective  test 
numbers  are  listed  below: 

•  Objective  1.  Determine  critical  "choking"  trigger  temperatures 
of  the  0.10  lbf  thruster.  Tests  SR-1  through  SR-6,  SR-13-1 
through  SR-13-5,  SR-14,  SR-15,  and  SR-IX. 

•  Objective  2.  Force  choking  condition  of  1.0  lbf  thruster 
within  FSC  operational  constraints.  Tests  SR-8X  and  SR-9. 

a  Objective  3.  Determine  steady  state  GN»  flow  rate  of  0.10  lbf 
thruster  tests  SR-1 1  and  SR-14.  c  ' 

•  Objective  4.  Determine  performance  decay  of  both  thrusters 
with  decreased  duty  cycle  and  the  isolation  valve  closed. 
Observe  startup  characteristics  of  both  thrusters  with  cold 
starts  (60  to  80 °F)  with  isolation  valve  closed. 
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Table  8-1.  FSC-Ground  Verification  Test  Matrix  (as  Tested) 


Table  8-1.  FSC-Ground  Verification  Test  Matrix  (as  Tested)  (Continued) 


8-1.  FSC-Ground  Verification  Test  Matrix  (as  Tested)  (Continued) 


Table  8-1.  FSC-Ground  Verification  Test  Matrix  (as  Tested)  (Continued) 


Table  8-1.  FSC-Ground  Verification  Test  Matrix  (as  Tested)  (Continued) 


Table  8-1.  FSC-Ground  Verification  Test  Matrix  (as  Tested)  (Continued) 


9.  TEST  RESULTS 


Test  results  are  discussed  in  the  following  sections  according  to  test 
objectives.  A  "quick-look"  summary  of  test  results  is  included  in  both  the 
summary/ concl usions  section  and  on  the  test  matrix  table  (Table  8-1). 

9.1  PULSE  MODE  BUBBLE  INGESTION  (TASK  I) 

9.1.1  1.0  lbf  Thruster 

Bubble  ingestion  tests  with  the  1.0  lb^  thruster  are  part  of  the  Task 
I  test  series  (Table  9-1).  The  purpose  of  these  tests  was  to  determine  the 
effects  gas  bubbles  on  thruster  performance.  All  tests  in  this  sequence 
were  performed  with  GN^  saturated  propellant  to  insure  proper  correlation 
with  the  specific  anomalies. 

Figure  9-1  is  a  typical  oscillograph  trace  of  bubble  flow  during  pulse 
mode  operation  of  the  1.0  lb^  thruster.  Bubble  breakup  was  observed  in 
each  of  the  tests  in  the  above  matrix.  Ib-t  levels  were  variable  during 
bubble  flow  indicating  the  random  nature  of  the  apparent  two-phase  flow. 
Quantization  of  impulse  during  a  bubble  was  regarded  as  secondary  to  a 
complete  qualitative  observation  and  proved  difficult  due  to  the  Ibit 
variability. 

Impulse  per  pulse  dropped  to  approximately  5  to  15  percent  of  a 
nominal  pulse  during  bubble  ingestion.  It  is  concluded  however,  based  on 
qualitative  observations  of  bubble  flow,  that  the  results  obtained  herein 
support  and  in  fact,  duplicate  the  failure  mode  observed  during  the  -PB 
thruster  anomaly  period. 

In  addition,  it  is  concluded  that  these  results  do  not  conform  to  the 
failure  modes  of  the  remaining  1.0  lb^  thrusters  (+PA,  -ZIA). 
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Figure  9-1.  1.0  lb^  1 
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9.1.2  0.10  Ibf  Thruster 

One  test  was  performed  with  the  0.10  lb^  thruster  to  observe  the 
effects  of  bubble  ingestion  on  thruster  performance  during  pulse  mode 
operation.  Only  the  100  cc  bubble  was  ingested  as  the  10  cc  bubble  inges¬ 
tion  test  was  determined  unnecessary  due  to  the  observations  made  during 
1.0  1 b^  thruster  testing.  The  appropriate  test  number  is  I - I D  and  was  run 
at  an  inlet  pressure  of  240  psia  with  a  duty  cycle  of  0.020  second  duration 
pulses  at  a  rate  of  one  pulse  per  second.  A  total  of  5000  pulses  were 
fired  with  the  first  sign  of  bubble  flow  at  pulse  number  3760.  The  bubble 
again  "broke  up"  with  1^  variable  between  5  and  100  percent  of  nominal 
during  the  bubble  duration.  After  the  bubble  had  completely  passed,  the 
thruster  "choked"  reducing  the  1^  level  to  approximately  25  percent  of 
nominal . 

Immediately  after  termination  of  the  test,  the  thruster  was  again 
restarted  in  the  steady  state  mode  for  30  seconds  to  confirm  the  "choked" 
condition  and  verify  thruster  recovery  capability.  The  oscillograph  trace 
of  the  steady  state  startup  is  shown  on  Figure  9-2  and  confirms  the 
"choked"  condition  as  shown  by  the  characteristic  “delay  start."  The  trace 
also  confirms  the  thruster's  ability  to  recover  from  the  "choked"  flow 
condition.  The  specific  test  condition  for  test  I-ID  is  shown  on  Table  8-1 
and  a  temperature  time  curve  for  the  entire  test  duration  is  shown  on 
Figure  9-3. 

It  is  concluded  from  the  test  that  bubble  flow  and/or  "choking"  are 
sufficient  to  initiate  the  type  of  failure  as  experienced  on  the  -RYB 
thruster  during  the  F-2  anomaly  period.  It  is  also  recognized,  however, 
that  "choking"  is  the  less  viable  candidate  due  to  the  apparent  thermal 
conditions  as  realized  by  -RYB  During  ground  tests,  the  0.10  lb^  thruster 
"choked"  while  operating  in  the  high  temperature  mode  while  there  is 
insufficient  flight  data  to  support  this  theory  during  the  anomaly  period. 
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9.2  1.0  lbf  THRUSTER  “OFF-MODULATION"  AND  FORCE  "CHOKE" 

TEST  RESULTS  (TASK  I) 

A  total  of  15  tests  were  run  in  an  effort  to  reproduce  the  -ZIA 
failure.  The  thruster  was  run  in  the  exact  sequence  as  reported  during  the 
anomalous  AV  maneuver  in  both  the  nominal  operating  configuration  and  also 
with  the  addition  of  elevated  valve  temperatures  (Test  I-2A  and  It2B). 
Additional  tests  were  run  where  both  10  cc  and  100  cc  bubbles  were  ingested 
5  seconds  before,  coincident  with,  and  5  seconds  after  the  initiation  of 
off-modulation  pulsing  following  a  30  to  66  second  steady  state  (AV)  burn. 
Test  I-2F-1X  was  run  in  an  attempt  to  force  a  "choking"  condition  by 
reheating  the  valve  to  210°F  before  initiation  of  "off-modulation"  pulsing. 
Tests  SR-8,  SR-8X ,  and  SR-9  are  attempts  to  force  a  "choking"  condition  by 
increasing  the  "off-modulation"  rate,  increasing  valve  body  temperature 
(>210°F),  introducing  a  100  cc  bubble,  and  lowering  inlet  pressure  to 
100  psia  (end-of-life  conditions).  The  aforementioned  tests  are  outlined 
in  Table  9-2. 

Results  of  the  aforementioned  tests  are  shown  in  the  following  oscil¬ 
lograph  traces  and  temperature-time  plots  (Figures  9-4  through  9-7).  It  is 
noted  therein  that  the  thruster  showed  absolutely  no  tendency  to  "choke" 
during  any  of  the  runs  as  the  valve  body  temperatures  consistently 
decreased  as  a  result  of  thruster  firing.  It  should  be  noted,  however,  that 
the  test  setup  does  not  include  a  thermal  enclosure  (doghouse)  which  would 
tend  to  keep  the  valve  body  warmer  due  to  the  resultant  back  radiation. 

Temperature  curves  are  shown  on  Figures  9-8  and  9-9  along  with  flight 
data  (barrier  tube)  to  exhibit  the  apparent  temperature  difference  due  to 
the  thermal  environment.  Catalyst  bed  temperatures  can  be  assumed  to  be 
consistent  with  flight  thrusters  but  barrier  tube  and  valve  temperature 
data  exhibit  significant  differences.  GVT  test  barrier  tube  data  is  con¬ 
sistently  15-20°F  lower  than  flight  data  when  compared  during  similar  case 
steady  state  tests.  Pulse  mode  temperature  data  was  difficult  to  compare 
due  to  the  random  nature  (automatic  mode)  of  thruster  firings  of  the 
in-flight  thrusters. 

The  thruster  reacted  nominally  to  the  introduction  of  gas  bubbles 
during  all  modes  of  operation.  It  is  concluded  that  within  the  operational 


E 


constraints  of  FSC  (0.050  sec  max  "off-modulation"  pulse  width).  The  1.0 
lbf  thruster  will  not  "choke"  in  the  "as-tested"  thermal  environment  and 
therefore  indicates  choking  as  not  a  viable  candidate  for  the  -ZIA  failure. 
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Table  9-2.  1.0  lbc  Thruster  "Off-modulation"  and  Force  " Choke "  Test  Matrix 


OFF  modulate  at  bubble  reaches  thruster 

0.050  sec  off/1  Hz  inlet  (hot  valve) 


m  \HA  :  : 


Wrt*  pvlSESI| 
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Figure  9-4A.  Test  SR-9  1.0  lbf  Thruster  - 
100  Psia  Inlet  Pressure  "Off- 
Modulation"  Pulsing  at  Hz 
(0.050  sec  "ON"  -  0.050  sec  "OFF") 
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Figure  9-5.  Test  No.  I-2A  1.0  lb.  Thruster  66  Sec.  Steady  State  and 
"Off  Modulation"  Pulsing  -  Temperature  vs.  Time 
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Figure  9-7.  Test  No.  I-2H  1.0  lb.  Thruster  Temperature  vs.  Time 
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Figure  9-8.  Barrier  Tube  Temperature  Flight  Data  vs. 
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Figure  9-9.  Barrier  Tube  Temperature  Flight  Data  vs.  Test  Data 
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9.3  0.10  lbf  THRUSTER  “CHOKE"  CONDITION  "TRIGGER"  TEMPERATURE 

MAPPING  TEST  RESULTS 

During  puVse  mode  testing  of  the  0.10  lbf  thruster  (baseline  perfor¬ 
mance  test  12S)  with  saturated  propellant,  reduced  impulse  pulse  shapes 
were  identified  and  attributed  to  thruster  "choking"  or  thermal  induced 
decomposition  of  the  propellant  in  the  feed  tube  upstream  of  the  catalyst 
chamber.  In  order  to  verify  this  "choked"  condition,  six  tests  were 
devised  (tests  SR-1  through  SR-6)  to  reproduce  and  if  possible  characterize 
the  thermal  conditions  necessary  to  "choke."  The  tests  are  identified  in 
the  test  matrix  included  in  this  section  (Table  9-3).  In  each  test,  50  to 
60,  20  msec  pulses  were  fired  at  a  rate  of  one  pulse  per  second  with  incre¬ 
mentally  increased  valve  temperatures  to  induce  choking. 

No  thruster  choking  was  observed  during  this  test  sequence  as  the 
thruster  performed  nominally  in  each  case.  While  performing  Task  I  test¬ 
ing,  (Test  I -ID ) ,  the  thruster  was  found  to  "choke"  after  approximately 
4600  pulses  and  a  100  cc  bubble.  The  choke  condition  was  confirmed  by 
qualitative  observation  of  a  subsequent  steady-state  startup  which  was 
characteristic  of  "choked"  flow.  Chamber  pressure  and  temperature  curves 
of  test  I -ID  are  shown  in  Section  9.1.2  along  with  an  oscillograph  trace  of 
the  subject  steady-state  startup.  As  a  result  of  test  I-1D,  critical 
"choke"  trigger  temperature  mapping  tests  were  devised  as  part  of  the 
selected  retest  sequence.  The  specific  test  parameters  of  all  applicable 
tests  run  including  the  aforementioned  six  are  outlined  in  Table  9-3. 

The  critical  temperature  mapping  tests  are  designated  tests  SR -13-1 
through  SR-13-9  wherein  50  0.20  msec  pulses  were  fired  at  1  Hz  incre¬ 
mentally  increasing  the  initial  valve  temperature  10°F  each  test.  The 
thruster  was  fired  with  elevated  valve  temperatures  as  high  as  242°F  with¬ 
out  any  indication  of  "choking".  Test  SR-14  was  then  run  to  force  "choked" 
flow  by  firing  with  a  hot  valve  (>200°F)  and  with  the  introduction  of  a 
100  cc  bubble.  Initially  888  pulses  were  fired  with  no  trace  of  choked 
flow  when  the  thruster  was  fired  for  50  seconds  steady  state  to  propagate 
the  bubble  to  the  thruster  inlet.  The  thruster  was  then  fired  in  the  pulse 
mode  after  reheating  the  valve  above  200°F  wherein  the  thruster  choked  at 
pulse  No.  233.  A  total  of  908  pulses  were  fired  in  an  attempt  to  flow  the 
bubble  through  while  in  the  "choked"  firing  mode  without  success.  A 
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442-second  steady-state  firing  was  then  initiated  in  order  to  verify  the 
choked  condition  and  to  use  the  existing  bubble  to  calibrated  flowrate 
per  test  SR-10.  Oscillograph  traces  of  chamber  pressure  (P  )  and 
temperature-time  curves  of  test  SR-14  are  shown  in  the  following  Figures 
9-4A  and  9-11  through  9-13.  Test  SR-1X  was  run  with  a  15-minute  minimum 
temperature  soak  time  with  the  valve  body  temperature  held  at  >200°F  to 
insure  an  elevated  bulk  temperature  of  the  propellant  in  the  valve  inner- 
seat  cavity.  Fifty  pulses  were  then  fired  with  no  choking  observed.  The 
last  test  in  this  sequence  was  run  to  determine  thruster's  susceptibility 
to  "choking"  at  "end  of  life"  (EOL)  conditions  (100  psia  inlet  pressure). 

There  were  no  bubbles  introduced  during  the  test  and  the  thruster  again 
"choked"  at  approximately  pulse  number  230.  Again,  the  "choked"  flow  1^^ 
level  was  approximately  20  to  30  percent  of  a  nominal  pulse.  The  results 
of  the  thermal  mapping  the  the  "choke"  trigger  temperature  are  outlined  below: 


Barrier  Tube  !>265®F 
Valve  Body  >200°F 
Chamber/Injector  >1050*F 
Chamber/Nozzle  >375*F 
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Table  9-3.  0.10  lb,,  Thruster  "Choke"  Characterization 


SR-13-8  240  251  230  522  546  50  pulses  0.020/1  Hz  Critical  temperature  mapping  No  "choke” 

(choke  condition) 


Table  9-3.  0.10  lbf  Thruster  "Choke"  Characterization  (Continued) 


^  TWWEER/NOZZir 


.i  ..CHWfflEVIllJECTBR 
O  BARRt  ER  TUBE 


A  VALVE  808V 


nwi  ( srr } 


I 

J 


R5-168-80 


9-22 


fRECEDlWG  PAGE  BLANK-NOT  FlUkiD 


gure 


Figure  9-12.  Test  SR-14  Temperature  vs.  Time 


Figure  9-13.  Test  SR-15  Temperature  vs. Time 


9.4  ISOLATION  VALVE  CLOSED  TESTS  RESULTS  1.0  LBf  THRUSTER 
9.4.1  1.0  1 Thruster 

The  1.0  lbj.  thruster  was  run  with  the  bank  isolation  valve  closed  to 
determine  performance  decay,  temperature  response,  and  investigate  possible 
resulting  thruster  degradation.  A  total  of  seven  tests  were  run  with  the 
last  test  a  part  of  the  selected  retest  sequence  which  addressed  the  resul¬ 
tant  performance  decay  after  a  cold  start  with  the  isolation  valve  closed. 

Table  9-4  is  a  sunmary  of  the  tests  run  with  their  respective  test 
conditions. 

Tests  II-1C,  I I - 1 AX ,  II-1A  were  run  with  0.50  sec  pulses  at  a  rate  of 
1  pulse  per  second  down  to  inlet  pressures  of  ^10  psia.  Approximately  200 
pulses  are  required  to  vent  the  upstream  line  systems  from  240  psia  to 
10  psia.  In  addition,  854  pulses  were  fired  during  test  1 1 - 1C  with  a 
resultant  inlet  pressure  of  8.2  psia.  The  resultant  pressure  blow-down 
curves  are  presented  on  Figures  9-14  through  9-16.  Typical  temperature 
response  curves  for  firings  while  in  the  isolation  valve  closed  configura¬ 
tion  are  shown  on  Figures  9-17  and  9-18.  The  temperature  response  curves 
support  on-orbit  data  obtained  while  firing  thrusters  during  the  sun- 
acquisition  checkout  exercise  performed  during  FSC  ascent  operations  at 
Sunnyvale. 

The  last  test  in  this  series  (test  SR-7)  was  performed  to  determine 
thruster  performance  resulting  from  firing  with  the  isolation  valve  closed 
in  the  "cold"  (W0°F)  catalyst  bed  configuration  with  0.050  sec  pulses  at  a 
rate  of  1  pulse  per  minute.  A  total  of  20  pulses  were  fired  during  this 
sequence  with  the  first  and  last  5  pulses  of  the  20  pulse  train  shown  on 
Figure  9-19. 

Note  that  in  Figure  9-19  the  impulse  delivered  during  the  first  pulses 
in  the  pulse  train  of  test  SR-7  is  slightly  lower  than  normal  which  is 
attributed  to  the  cold  start  condition  ( ^70°F ) .  Subsequent  to  isolation 
valve  closed  firings,  the  thruster  was  operated  in  both  the  steady  state 
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and  pulse  modes  to  determine  if  there  were  GN^  bubbles  generated  as  a 
result  of  the  apparent  pressure  decay  or  if  such  operation  causes  thruster 
degradation.  As  predicted,  it  was  concluded  that  isolation  valve  closed 
firings  do  not  affect  thruster  performance  or  reliability  in  the  near-term 
nor  are  bubbles  (large  enough  to  be  detected)  generated. 
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fable  9-4.  Test  Matrix 
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Figure  9-19.  Test  SR- 7.  1.0  lbf 

Thruster,  240  PSI  T 
Inlei  Pressure,  Iso 
Valve  Closed 
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9.4.2  0.10  lb^  Thruster 

The  0.10  1b^  thruster  was  operated  in  the  pulse  mode  (0.50  sec  'on1  at 
1  Hz)  with  the  isolation  valve  closed  to  determine  performance  decay  as  of 
a  function  of  pulse  number  to  verify  results  obtained  from  in-flight  data 
during  the  -RYB  anomaly  period. 

Test  II-2A  was  run  with  the  appropriate  conditions  as  outlined  in 
Table  9-5. 

Chamber  pressure  traces  for  test  II-2A  are  shown  on  Figure  9-20.  The 
corresponding  inlet  pressure  versus  pulse  number  curve  is  shown  on  Figure 
9-15.  The  isolation  valve  was  subsequently  reopened,  repressurizing  the 
thruster  inlet  prior  to  the  start  of  test  II-2B.  The  repressurization 
transient  is  shown  in  Figure  9-20  (oscillograph  trace).  Test  II-2B  was 
then  performed  according  to  Table  9-5  with  no  anomalous  thruster  behavior 
observed.  The  initial  pulses  of  test  II-2B  are  shown  on  Figure  9-20.  The 
temperature  response  curve  for  test  II-2A  is  shown  on  Figure  9-21  and 
support  observed  in  flight  data  during  the  anomaly  period. 

In  conclusion  the  thruster  performed  nominally  throughout  the  isola¬ 
tion  valve  closed  test  sequence  with  no  deleterious  operation  observed. 
Therefore,  it  is  noted  that  thruster  operation  with  upstream  isolation 
valves  closed  is  not  detrimental  to  thruster  health  in  the  near  term. 
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Figure  9-20.  Tests  1 1 -A  and  II-B: 

.010  lb.  Thruster,  240 
PSI  Inlet  Pressure,  Iso. 
Valve  Closed/Open 
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Test  No.  II-2A 
(ISO  Valve  Closed) 


Figure  9-21.  Test  No.  II-2A,  Isolation  Valve  Closed 
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9.5  "ORT  VALVE"  TESTS  (TASK  III) 

The  +PA  thruster  failure  mode  (first  2-1/2  pulses  missed  in  5-10  pulse 
train)  was  simulated  by  firing  the  1.0  lb^  thruster  with  the  /alve  inner- 
seat  cavity  evacuated.  The  propellant  feed  system  was  configured  as  per 
Figure  7-1.  The  propellant  was  aspirated  out  of  the  line  system  between 
the  downstream  isolation  valve  and  the  thruster  inlet.  With  the  isolation 
valve  closed,  the  chamber  was  evacuated  and  the  thruster  valve  opened  until 
any  residual  had  passed  through  the  thruster  (%10  minutes).  The 

thruster  valve  was  then  closed  and  the  system  was  bled.  All  tests  in  the 
task  were  run  in  an  identical  fashion  except  for  Test  1  (III-1A)  which  was 
run  during  the  baseline  performance  series  as  the  initial  test. 

The  second  set  of  tests  (SR-16,  SR-17,  SR-18)  were  run  as  a  part  of 
the  selected  retest  sequence  where  the  pulse  duty  cycle  was  varied  to 
determine  performance  decay  as  a  function  of  duty  cycle.  The  corresponding 
test  conditions  along  with  the  test  results  for  all  applicable  tests  are 
shown  on  Table  9-6.  Tests  SR-16,  SR-17,  SR-18,  were  run  with  longer  pro¬ 
pellant  feed  system  line  lengths  which  inhibited  system  bleed  capabilities. 
Therefore,  it  is  noted  that  first  and  second  pulse  impulse  for  these  tests 
is  higher  than  corresponding  pulses  of  the  first  series.  This  trend  can  be 
extrapolated  to  the  near  perfect  bleed  capabilities  of  the  spacecraft 
environment  where  a  leaky  downstream  seat  could  allow  a  total  evacuation  of 
the  valve  inner-seat  cavity  and  therefore  cause  an  increased  loss  of 
impulse  during  the  first  2  or  3  pulses.  It  is  therefore  concluded  that  the 
test  data  obtained  supports  the  postulated  +PA  failure  mode  and  that 
impulse  loss  during  the  first  few  pulses  is  a  function  of  valve  inner-seat 
cavity  bleed  and  not  duty  cycle.  Oscillograph  traces  for  the  Task  III  test 
series  are  shown  on  Figure  9-22.  Note  that  test  SR-12  was  interrupted 
according  to  procedure  with  a  15  hour  hold  between  pulse  numbers  50  and  51 
to  investigate  possible  repressurization  phenomena  and  that  the  respective 
data  indicates  no  tendancy  for  system  repressurization  or  impulse  recovery 
as  a  result  of  this  'hold'  period.  The  following  data  table  summarized  the 
Task  III  results. 
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9.6  NITROGEN  GAS  FLOWRATE  CALIBRATION 


Tests  were  performed  with  both  the  1.0  lb,p  thruster  to  establish 
expected  thruster  "off  times"  as  a  result  of  GN^  flow.  As  outlined  in 
Section  9.1,  thruster  "off  times"  due  to  bubble  flow  while  operating  in  the 
pulse  mode  were  inconclusive  due  to  the  random  nature  of  the  apparent 
bubble  break-up  during  firing.  It  was  therefore  concluded  that  gas  flow- 
rates  can  be  obtained  for  each  thruster  while  firing  steady  state  to  pre¬ 
clude  bubble  break-up  and  then  extrapolate  the  results  to  provide  pulse 
mode  data.  Flowrate  data  was  generated  from  both  10  cc  and  100  cc  bubble 
ingestion  tests:  I-3A,  SR- 14 ,  SR-11,  I-2F-1X. 

Resultant  thruster  off  times  (periods  of  negligible  impulse  delivered 
due  to  bubble)  is  outlined  below. 

1.0  lb^  Thruster 


Bubbl e 

Size 

"OFF"  Time 

Flowrate 

100  cc 

bubble 

13  seconds 

0.469  in^/sec) 

GN 

10  cc 

bubble 

2  seconds 

0.305  in^/sec) 

GN 

0.10  lb. 

Thruster 

Bubbl e 

Size 

"OFF"  Time 

Flowrate 

100  cc 

bubbl e 

47  seconds 

0.129  in^/sec) 

GN 

10  cc 

bubble 

10  seconds 

0.061  inVsec) 

GN 

Then,  gas  flowrate  data  were  obtained  analytically  for  pulse  mode 
operation  as  follows:  0.52  inches  of  FSC  type  propellant  line  used  per 
0.050  second  pulse  (1.0  lb^  thruster);  0.05  inches  of  FSC  type  propellant 
line  used  per  0.020  second  pulse  (0.10  lb^  thruster). 

9.7  BASELINE  PERFORMANCE  TEST  SERIES 

A  total  of  twenty-six  tests  were  performed  to  calibrate  nominal  per¬ 
formance  levels  for  both  the  1.0  lb^  and  0.10  lb^  thrusters  and  to  ensure 
thruster  operation  was  typical  of  previous  FSC  flight  units.  In  addition, 
identical  tests  were  run  with  unsaturated  and  again  with  saturated  pro¬ 
pellant  to  identify  any  performance  variance. 

The  entire  Baseline  Performance  test  sequence  is  shown  in  Table  9-7. 
Tests  designated  with  a  suffix  'S'  were  run  with  propellant  saturated  with 
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GN ^  at  the  respective  inlet  pressure  conditions.  Incorporated  into  the 
Baseline  Performance  test  series  was  the  first  test  of  Task  III  (dry  valve 
firing)  as  the  initial  thruster  firing  of  the  1.0  lb^  thruster  was  with  a 
dry  or  evacuated  valve  inter-seat  cavity.  Results  of  this  test  are  dis¬ 
cussed  in  Section  9.5. 

The  chamber  pressure  (Pc)  tap  fell  off  the  0.10  lb^  thruster  while 
performing  test  seven  due  to  and  inadequate  braze  joint.  The  Pc  tap  was 
subsequently  welded  back  onto  the  thruster  nozzle  and  the  test  rerun 
(7-1R).  Inlet  pressures  of  240  psia  were  chosen  for  this  test  sequence  to 
provide  a  direct  comparison  to  data  obtained  during  subsequent  GVT  testing 
to  eliminate  the  need  of  a  post  test  performance  baseline  test  series  in 
the  event  of  time  constraints. 

The  results  of  this  test  series  have  been  tabulated  and  plotted  and 
are  shown  on  Table  9-8  and  Figures  9-23  through  9-30. 

In  conclusion,  data  shows  a  negligible  performance  change  due  to  satu¬ 
rated  propellant  and  both  thrusters  exhibit  nominal  performance  character¬ 
istics  and  are  considered  typical  of  FSC  flight  units. 
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Figure  9-29.  0.10  lb-  Thruster  Performance  Basel  iney'P.dt  vs.  PIN 
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Figure  9-30.  0.10  lb^  Thruster  Performance  Baseline, y*P  dt  vs. 
PINj  (Saturated  Propellant) 
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10.  GVT  TEST  RESULTS/CONCLUSIONS 


The  following  conclusions  were  derived  from  the  Ground  Verification 
Test  and  are  applied  to  both  the  1.0  lb^  and  0.10  lbf  thrusters  unless 
otherwise  specified. 

•  System  entrapped  gas  (GN^)  bubbles: 

•  Determined  nondetermental  to  thruster  health 

•  Propagate  with  propellant  flow  and  will  eventually  be 
exhausted  (in  the  1  g  test  environment) 

t  Reduce  impulse  to  negligible  levels  (  5%  of  nominal)  during 
the  GN^  flow  period 

•  Break  up  to  form  smaller  bubbles  causing  random  loss  of 
impulse  during  pusle  mode  operation 

•  1.0  1 b ^  thruster  firing  with  evacuated  inner  seat  cavity  of 

thruster  valve: 

•  Produces  loss  of  impulse  during  first  1/2  to  1-1/2  pulses 

•  Number  of  pulses  missed  is  dependent  on  cavity  bleed  and 
not  duty  cycle 

•  Is  shown  to  provide  verification  of  postulated  +PA  failure 
mechanism  (down-stream  seat  leak) 

•  Nondetrimental  to  thruster  integrity  (near-term) 
t  Thruster  firing  with  upstream  isolation  valve  closed: 

0  Is  determined  not  harmful  to  thruster  performance 
characteristics  in  the  near  term 

0  Provides  sustained  inlet  pressures  resulting  in  significant 
impulse  delivered  in  first  10  pulses 

0  Does  not  form  GN£  bubbles  large  enough  to  be  detected  via 
thruster  performance  measurements 

0  Total  thruster  performance  recovery  upon  reopening  of 
isolation  valve 

0  Performance  characteristics  remain  unchanged  as  a  result  of 
cold  firing  (60-80°F)  with  the  isolation  valve  closed 
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•  0.10  1b^  thruster  "choke"  investigation  tests  show: 


•  Thruster  will  "choke"  when  operated  within  certain  extreme 
duty  cycles  not  readily  obtainable  in  flight 

•  Total  performance  recovery  realized  after  "choking"  as  a 
result  of  a  steady  state  restart  or  adequate  cooling  period 

•  Thruster  bulk  temperature  must  be  elevated  (catalyst  bed 
above  1000°F,  valve  above  200°F)  in  order  to  "trigger" 
premature  decomposition 

•  Impulse  drops  to  25-35%  of  nominal  during  "choked"  flow 
operation 

•  Thruster  choked  at  inlet  pressures  of  240  psia  and  100  psia 
as  long  as  "trigger"  temperatures  are  reached 

•  1.0  lbf  thruster  will  not  "choke"  when  operated  within  nominal 

FSC  operational  constraints  as  tested  in  worst  case  conditions 

As  a  result  of  the  Ground  Verification  Test  the  following  possible 
anomaly  explanations  are  proposed: 


Thruster 

Anomaly 

Probable  Cause 

+PA 

1. 

Leaky  down- stream  valve  seat 

2. 

Self  generated  gas  in  valve 
inner  seat  cavity 

-PB 

1. 

Gas  bubbles 

2. 

Intermittent  flow  blockage  cause 
by  particle  obstruction  which 
was  subsequently  dislodged 

-RYB 

1. 

Large  gas  bubble 

2. 

Physical  obstruction  causing 
total  flow  blockage 

3. 

Thruster  valve  stuck  closed  due 
to  contamination 

-Z1A 

1. 

Contamination  causing  flow  blockage 

2. 

Thruster  valve  stuck  closed  due 
to  contamination 
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Introduction 

Four  anomalies  have  recently  occurred  involving  thrusters  on  the 
FSC  -  F2  spacecraft  as  summarized  below: 

•  +PA  -  loss  of  impulse  during  first  few  pulses  in 
pulse  train. 

•  -PB  -  loss  of  impulse  during  latter  pulses  in 
pulse  train. 

•  -ZIA  -  complete  loss  of  thrust  66  sec  into  steady 
state  burn. 

•  -RYB  -  no  impulse  observed  during  pulse  mode 
operation. 

Several  mechanisms  have  been  postulated  as  potential  or  probable 
causes  of  the  anomalies.  The  subject  test  program  is  designed  to 
improve  the  understanding  of  how  the  thrusters  operate  in  certain 
anomalous  conditions.  This  will  aid  in  determining  the  cause  of  the 
on-orbit  anomalies,  determining  recommendations  for  flight  operations, 
and,  possibly,  future  corrective  actions. 

Objective 

The  objective  of  this  test  is  to  enhance  the  understanding  of 
the  theorized  failure  mechanisms  responsible  for  the  F-2  anomalies. 

The  test  plan  is  segregated  into  three  categories  (Tasks  I- 1 1 1 ) , 
each  with  individual  objectives  as  outlined  below: 
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•  Task  I  -  Gas  Bubble  Ingestion  (-Z1A  &  -PB  Failures) 

Task  I  will  investigate  the  effects  of  gas  bubbles  on 
system  performance. 

Test  1  will  measure  performance  parameters  of  both  the 
0.10  lbf  and  1.0  lb^  thrusters  to  determine  the  response 
during  pulse  mode  firing  with  gas  bubbles  in  the  system. 

Test  2  will  simulate  the  -Z1A  failure  directly  in  that 
a  1.0  lb,  thruster  will  be  fired  steady  state  for  66  sec 
using  saturated  propellant  and  subsequently  off -modulated . 

This  test  will  be  done  for  both  the  nominal  temperature 
case  and  the  hot-valve  case.  The  hot-valve  case  will  attempt 
to  force  a  "choking"  condition  in  the  thruster  feed-tube. 

•  Task  II  -  Closed  ISO  Valve  Simulation  (-RYB  failure). 

The  objective  of  this  task  is  to  measure  thruster 
response  (both  1.0  and  0.10  lb^  thrusters)  to  "dry  firing" 
with  ISO  valves  closed.  The  simulation  with  the  0.10  1  bf 
thruster  will  attempt  to  reproduce  the  -RYB  failure.  Firing 
the  1.0  lbf  thruster  in  this  test  will  enable  characterization 
of  the  responses  observed  during  nominal  sun-acq.  check-out 
and  the  -PB  failure. 

•  Task  III  -  Simulation  of  Leaky  Valve  Seat  (+PA  failure). 

This  task  will  reproduce  the  failure  mode  of  the  +PA 
1.0  lb,  thruster  by  firing  with  a  "dry"  valve  to  simulate 
a  downstream  seat  leak  in  the  propellant  valve. 

Test  Item  and  Configuration 

The  engines  to  be  used  during  this  test  are  a  1.0  lb^  FSC  Flight 
Thruster  and  a  0.10  lb^  FSC  Flight  Thruster.  The  1.0  lb^  thruster  was 
taken  from  stores  as  a  complete  flight  thrust  chamber.  A  Pc  port  was 
then  installed  in  the  nozzle  for  performance  measurement  and  the 
thruster  will  then  be  installed  on  an  Allen  (Consolidated  Controls) 
valve. 

The  0.10  Ibf  thruster  was  similarly  removed  from  stores  as  FSC 
spare  (also  flight  designated)  and  modified  via  Installation  of  a  Pc 
tap  by  cutting  the  head  end  apart  from  the  chamber.  Installing  a  Pc 
tap  in  a  new  nozzle,  and  building  up  the  test  unit  with  a  new  chamber, 
Allen  valve,  and  reloading  catalyst. 
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Both  thrusters  will  be  mounted  on  a  bracket  to  form  a  DTM  (see 
Figure  1).  All  hardware  on  the  DTM  will  be  identical  to  flight 
hardware.  The  DTM  will  then  be  installed  on  a  vacuum  chamber  in  the 
low  thrust  test  facility  in  01  where  the  tests  will  be  performed. 

The  propellant  supply  system  (Figure  2  through  5)  will  be  a 
reproduction  of  the  FSC  on-board  system.  It  will  incorporate  flight 
type  isolation  valves,  filters  (facility  filter  similar  aP  to  flight) 
and  propellant  lines  of  the  exact  size  and  length  of  the  S/C  system 
(variable  to  accommodate  different  thruster  locations).  The  additional 
components  to  the  test  system  which  made  it  dissimilar  to  the  S/C 
system  are  outlined  as  follows: 

•  A  GN~  source  with  the  necessary  lines  and  fittings  to 
enable  saturation  of  propellant  in  the  tank. 

•  A  parallel  path  line  system  to  inject  GN2  bubbles  into  the 
line  during  thruster  firing. 

•  A  pressure  transducer  near  the  thruster  to  record  system 
pressure. 

•  A  valve  near  the  propellant  tank  outlet. 

The  thruster  will  be  instrumented  with  thermocouples  and  thermistors 
as  shown  on  Figure  1.  Test  data  requirements  are  given  on  Table2  • 

Schedule 

The  current  schedule  is  shown  on  Figure  6.  Testing  is  scheduled  to 
begin  on  28  April  1980.  Total  duration  of  testing  including  set-up  is 
scheduled  for  6  1/2  weeks,  with  a  completion  date  of  24  may  1980.  Final 
test  report  is  due  on  16  June  1980. 

Test  Sequence 

Hot-fire  testing  will  commence  wit'.  Task  I  and  proceed  through  Task 

III. 
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TASK  I  -  TEST  1 
1.0  LBr  THRUSTER 


The  test  system  shall  be  configured  with  the  bubble  injection  chamber 
and  variable  line  length  as  shown  in  Figure  2.  All  Task  I  tests  shall  be 
performed  with  GN^  saturated  propellant  at  240  psia. 

The  thruster  shall  be  fired  in  the  pulsing  mode  (.050  sec  on,  at  1HZ) 
while  a  10  C.C.  bubble  is  formed  and  introduced  into  the  flow  stream.  As 
soon  as  the  bubble  has  passed  through  the  thruster  and  the  appropriate  data 
has  been  recorded,  thruster  firing  shall  be  terminated.  In  addition,  the 
time  required  for  the  bubble  to  flow  from  the  bubble  chamber  to  the  thruster 
shall  be  recorded  as  Tg.  The  thruster  shall  then  be  tested  again  as  out¬ 
lined  above  except  the  bubble  size  will  be  increased  to  100  C.C. 

0.10  LBj-  THRUSTFR 

The  bubble  injestion  tests  shall  be  performed  on  the  0.10  lbf  thruster 
in  an  identical  manner  as  outlined  for  the  1.0  lbf  thruster  above. 

TASK  I  -  TEST  2 
1.0  LBp  THRUSTER 

The  test  system  shall  be  remain  configured  as  above  and  figure  2. 

The  thruster  will  then  be  fired  steady  state  for  66  seconds,  then  off- 
modulated  (0.50  sec.  off,  2  sec.  on)  for  an  additional  300  seconds.  This 
test  is  to  be  performed  under  nominal  thermal  conditions. 

Subsequently,  the  thruster  valve  temperature  will  be  increased  to  200°F 
(hot  valve  case).  A  bubble  (10  C.C.)  will  then  be  formed  in  the  bubble 
injection  chamber  and  later  introduced  into  the  flow-stream. 

After  thruster  firing  has  been  initiated  (steady  state)  the  bubble 
shall  be  'introduced  and  the  thruster  will  be  off -modulated  Tg  -  TBD  seconds 
later.  Off-modulation  pulsing  shall  continue  for  300  seconds  or  until 
"choking"  is  observed.  Two  subsequent  tests  will  be  performed  with  the  10  C.C. 
bubble  as  outlined  above  except  the  steady  state  firing  time  shall  be  Tg 
seconds  and  Tg  +  TBD  seconds.  Off  modulation  thus  starts  before,  during,  and 
after  initiation  of  gas  ingestion. 
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The  entire  test  sequence  shall  be  repeated  with  a  new  bubble  size 
of  100  C.C. 


TASK  II  -  TEST  1 
1 .0  LBj-  THRUSTER 


The  test  system  shall  be  configured  as  shown  in  Figure  3.  Propellant 
shall  be  saturated  with  GN2  and  pressurized  to  TBD  psia.  The  Iso  valve 
shall  then  be  closed  and  the  thruster  fired  in  the  pulse  mode  (.050  sec.  on, 
at  1  HZ)  for  TBD  pulses.  The  supply  tank  pressure  shall  then  be  vented  to 
240  psia.  After  the  Iso  valve  is  opened,  the  thruster  will  be  fired 
(.050  sec.  on,  at  1  HZ)  for  TBD  pulses  until  all  the  propellant  between 
the  Iso  valve  and  the  thruster  has  been  consumed. 

TASK  II  -  TEST  2 
0.10  LBr  THRUSTER 

The  test  system  shall  be  reconfigured  per  Figure  4.  Propellant  shall 
be  GN2  saturated  and  pressurized  at  240  psia.  The  thruster  will  be  fired 
for  10  seconds  steady  state  to  assure  proper  bleed-in.  The  Iso  valve 
will  then  be  closed  and  the  thruster  will  be  pulsed  (.020  sec.  on  at  1  HZ) 
until  all  the  propellant  in  the  line  has  been  depleted.  The  Iso  valve 
will  then  be  re-opened  and  thruster  will  be  fired  for  TBD  pulses. 

TASK  III 

The  test  system  shall  be  configured  per  Figure  5.  This  test  is  to 
be  performed  with  saturated  propellant  and  265  psia. 
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The  test  system  downstream  of  the  Iso  valve,  shall  be  opened  and 
evacuated.  The  thruster  valve  will  then  be  opened.  (Iso  valve  is  still 
closed)  to  insure  a  proper  vacuum  between  the  valve  seats.  The  thruster 
valve  will  then  be  closed  and  the  system  bled  in  up  to  the  front  seat  of 
the  propellant  valve.  The  thruster  will  then  be  pulsed  (.050  sec.  on  at 
1  HZ)  for  20  pulses  or  until  the  chamber  pressure  has  stabilized.  This 
sequence  shall  be  repeated  a  minimum  of  2  times  with  the  option  of  performing 
one  iteration  during  the  initial  thruster  firing  of  the  thruster  baseline 
performance  tests. 
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Thruster  Baseline  Performance  Tests 

The  following  performance  characterization  test  shal »  be  performed 
prior  to  any  other  hot-fire  testing  of  the  thrusters.  Test  system  set-up 
for  the  test  shall  be  as  shown  in  figure  5. 

1.0  lb^  thruster. 

Nominal  thruster  performance  characteristics  will  be  obtained  by 
pulsing  the  thruster  (.050  on  sec.  on  at  1  Hz)  for  50  pulses  at  350 
psia,  240  psia  and  100  psia.  Steady  state  runs  of  60  sec.  duration  will 
also  be  performed  at  the  aforementioned  pressures.  Note  that  the  first 
test  can  be  run  at  240  psia  (  pulse  mode)  and  perform  test  III-1C 
concurrently  as  the  propellant  valve  will  be  "Dry"  at  this  time. 

0.10  lb^  thruster 

The  0.10  lbf  thruster  will  be  fired  in  the  same  manner  as  the 
1.0  lb^  thruster  as  described  above  except  the  pulse  width  shall  be 
.020  sec.  on  at  1  Hz. 
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TABLE  2.  TEST  INSTRUMENTATION  AND  DATA  REQUIREMENTS 


Parameter 

Symbol 

Strip-Chart 

0-Graph 

Diqital  Computer 

Chamber  Pressure 
(1.0  Ibf  Thruster) 

pC1 

X 

X 

X 

Chamber  Pressure 

(0.10  Ibf  Thruster) 

PC2 

X 

X  . 

X 

Injection  Pressure 

p  I NJ 

X 

X 

X 

Vacuum  Pressure 

PVAC 

X 

Valve  Voltage 

(1.0  Ibf  Thruster) 

VE1 

X 

Valve  Voltage 

(0. 10  Ibf  Thruster) 

VE2 

X 

Valve  Current 

(1.0  Ibf  Thruster) 

Vll 

X 

Valve  Current 

(0.10  Ibf  Thruster) 

Vl2 

X 

Thermistor  (Barrier  Tube) 
(1.0  Ibf  Thruster) 

Tl 

X 

X 

Thermocouple  (Valve) 

(1.0  Ibf  Thruster) 

tc2 

X 

X 

Thermocouple  (Chamber) 

(1.0  Ibf  Thruster) 

tc3 

X 

X 

Thermocouple  (Nozzle) 

(1.0  Ibf  Thruster) 

tc4 

X 

X 

Thermistor  (Barrier  Tube) 
(0.10  Ibf  Thruster) 

T5 

X 

X 

Thermocouple  (Valve) 

(0.10  Ibf  Thruster) 

tc6 

X 

X 

Thermocouple  (Chamber) 

(0.10  Ibf  Thruster) 

tc7 

X 

X 

Thermocouple  (Nozzle) 

(0.10  Ibf  Thruster) 

tc8 

X 

X 
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BASELINE  PERFORMANCE  TESTS 


240  .020  1  Hz  50  0.10  lb 


VALVE  HEATER  THERMOSTATS 
LOCATED  ON  PLATE  UNDERSIDE. 
1  T/S  PER  VALVE  HEATER 


Figure  1.  GVT  Dual  Thruster  Module 
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Figure  6.  FSC  —  Ground  Verification  Test  (GVT) 
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SAFETY  ALERT 


Listed  below  are  the  paragraphs  covering  special  safety  precautions 
and  brief  descriptions  of  the  general  safety  alerts/cautions  required 
per  this  procedure 

Paragraph  2.2.1  Personnel  Safety 

Paragraph  2.2.2  Hardware  Safety 

*  *  CAUTION  *  * 


Personnel  shall  pay  particular  attention  to  the  following  potential 
safety  ha2ards: 

•  Caution  shall  be  exercised  when  hydrazine  is  in  the  work  area. 

•  Caution  shall  be  exercised  during  and  after  tests  so  as  not  to 
contact  hot  surfaces. 

•  Caution  shall  be  exercised  operating  the  test  equipment  as 
potentially  harmful  voltages  are  present. 

•  Caution  shall  be  exercised  when  working  around  a  pressurized 
system. 

•  Extreme  caution  shall  be  exercised  when  heating  hydrazine  in 
confined  volumes  (i.e.,  operating  the  valve  heaters  in  non¬ 
firing  mode);  in  no  case  shall  stagnant  hydrazine  be  heated 
above  240°F. 
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1 .  SCOPE 

1.1  Scope.  This  test  procedure  describes  the  requirements  and  methods 
for  performing  the  hot-fire  ground  verification  test  of  a  FSC  1.0  lb^ 
thruster  and  a  0.10  lb^  thruster  mounted  on  a  common  DTM  with  a  space¬ 
craft  similar  propellant  feed  system. 

1.2  Purpose  of  Test 

1.2.1  Test  Objective.  The  objective  of  this  test  is  to  enhance  the 
understanding  of  the  theorized  failure  mechanisms  responsible  for  the 
F-2  anomalies. 

The  test  plan  is  segregated  into  three  categories  (Tasks  I - 1 1 1 ) , 
each  with  individual  objectives  as  outlined  below: 

•  Task  I  —  Gas  Bubble  Ingestion  (-Z1A  and  -PB  Failures) 

Task  I  will  investigate  the  effects  of  gas  bubbles  on  system 
performance. 

Test  1  will  measure  performance  parameters  of  both  the  0.10  lbf 
and  1.0  lbf  thrusters  to  determine  the  response  during  pulse 
mode  firing  with  gas  bubbles  in  the  system. 

Test  2  will  simulate  the  -Z1A  failure  directly  in  that  a 
1.0  lbf  thruster  will  be  fired  steady  state  for  66  sec  using 
saturated  propellant  and  subsequently  off-modulated.  This 
test  will  be  done  for  both  the  nominal  temperature  case  and 
the  hot-valve  case.  The  hot-valve  case  will  attempt  to  force 
a  "choking"  condition  in  the  thruster  feed-tube. 

•  Task  II  —  Closed  ISO  Valve  Simulation  (-RYB  failure) 

The  objective  of  this  task  is  to  measure  thruster  response 
(both  1.0  and  0.10  lbf  thrusters)  to  "dry  firing"  with  ISO 
valves  closed.  The  simulation  with  the  0.10  lbf  thruster 
will  attempt  to  reproduce  the  -RYB  failure.  Firing  the 
1.0  lbf  thruster  in  this  test  will  enable  characterization  of 
the  responses  observed  during  nominal  sun-acq.  check-out  and 
the  -PB  failure. 

•  Task  III  —  Simulation  of  Leaky  Valve  Seat  (+PA  failure). 

This  task  will  reproduce  the  failure  mode  of  the  +PA  1.0  lbf 
thruster  by  firing  with  a  "dry"  valve  to  simulate  a  down¬ 
stream  seat  leak  in  the  propellant  valve. 
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1.2.2  Test  Description.  The  dual  thruster  module  is  installed  in  a 
vacuum  chamber  capable  of  maintaining  simulated  altitudes  of  100,000  feet 
or  greater.  Adequate  Instrumentation  for  performance  and  temperature 
determination  is  Installed  and  calibrated.  The  thrusters  are  subjected 
to  several  different  modes  of  operation.  Performance  and  temperature 
response  is  recorded  and  evaluated.  Thruster  testing  (hot-fire)  is  con¬ 
ducted  in  three  distinct  test  configurations  with  objectives  as  outlined 
above.  A  description  of  the  test  sequence  and  configuration  is  as  follows: 

TASK  1  -  TEST  1 

1.0  LBp  THRUSTER 


The  test  system  shall  be  configured  with  the  bubble  injection  chamber 
and  variable  line  length  as  shown  in  Figure  2.  All  Task  I  tests  shall  be 
performed  with  GN?  saturated  propellant  at  240  psia. 

The  thruster  shall  be  fired  in  the  pulsing  mode  (0.050  sec  on,  at 
1  Hz)  while  a  10  C.C.  bubble  is  formed  and  introduced  into  the  flow  stream. 
As  soon  as  the  bubble  has  passed  through  the  thruster  and  the  appropriate 
data  has  been  recorded,  thruster  firing  shall  be  terminated.  In  addition, 
the  time  required  for  the  bubble  to  flow  from  the  bubble  chamber  to  the 
thruster  shall  be  recorded  as  Tg.  The  thruster  shall  then  be  tested 
again  as  outlined  above  except  the  bubble  size  will  be  Increased  to 
100  C.C. 


0.10  LBp  THRUSTER 


The  bubble  Injestion  tests  shall  be  performed  on  the  0.10  lbf  thruster 
in  an  identical  manner  as  outlined  for  the  1.0  Ibf  thruster  above. 
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TASK  I  -  TEST  2 


1.0  LBp  THRUSTER 


The  test  system  shall  be  remain  configured  as  above  and  Figure  2. 

The  thruster  will  then  be  fired  steady  state  for  66  seconds,  then 
off-modulated  (0.50  sec.  off,  2  sec.  on)  for  an  additional  300  seconds. 

This  test  is  to  be  performed  under  nominal  thermal  conditions. 

Subsequently,  the  thruster  valve  temperature  will  be  Increased  to 
200°F  (hot  valve  case).  A  bubble  (10  C.C.)  will  then  be  formed  in  the 
bubble  injection  chamber  and  later  introduced  into  the  flow-stream. 

After  thruster  firing  has  been  initiated  (steady  state)  the  bubble 
shall  be  introduced  and  the  thruster  will  be  off-modulated  Tg  -  TBD  seconds 
later.  Off-modulation  pulsing  shall  continue  for  300  seconds  or  until 
"choking"  is  observed.  Two  subsequent  tests  will  be  performed  with  the 
10  C.C.  bubble  as  outlined  above  except  the  steady  state  firing  time 
shall  be  Tg  seconds  and  Tg  +  TBD  seconds.  Off-modulation  thus  starts 
before,  during,  and  after  initiation  of  gas  ingestion.  Aforementioned 
TBD  times  will  be  calculated  from  observed  gas  flowrates. 

The  entire  test  sequence  shall  be  repeated  with  a  new  bubble  size 
of  100  C.C. 


TASK  II  -  TEST  1 
1.0  LBF  THRUSTER 


The  test  system  shall  be  configured  as  shown  in  Figure  3.  Propellant 
shall  be  saturated  with  GN^  and  pressurized  to  278  psia.  The  Iso  valve 
shall  then  be  closed  and  the  thruster  fired  in  the  pulse  mode  (0.050  sec. 
on,  at  1  Hz)  for  TBD  pulses.  The  supply  tank  pressure  shall  then  be 
vented  to  240  psia.  After  the  Iso  valve  is  opened,  the  thruster  will  be 
fired  (0.050  sec.  on,  at  1  Hz)  for  TBD  pulses  until  all  the  propellant 
between  the  Iso  valve  and  the  thruster  has  been  consumed. 
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TASK  II  -  TEST  2 
0.10  LBf  THRUSTER 


The  test  system  shall  be  reconfigured  per  Figure  4.  Propellant  shall 
be  GN2  saturated  and  pressurized  at  240  psia.  The  thruster  will  be  fired 
for  10  seconds  steady  state  to  assure  proper  bleed-in.  The  Iso  valve 
will  then  be  closed  and  the  thruster  will  be  pulsed  (0.020  sec.  on  at 
1  Hz)  until  all  the  propellant  in  the  line  has  been  depleted.  The  Iso 
valve  will  then  be  re-opened  and  thruster  will  be  fired  for  TBD  pulses. 

TASK  III 


The  test  system  shall  be  configured  per  Figure  5.  This  test  is  to 
be  performed  with  saturated  propellant  and  265  psia. 

The  test  system  downstream  of  the  Iso  valve  shall  be  opened  and 
evacuated.  The  thruster  valve  will  then  be  opened.  (Iso  valve  is  still 
closed)  to  insure  a  proper  vacuum  between  the  valve  seats.  The  thruster 
valve  will  then  be  closed  and  the  system  bled  in  up  to  the  front  seat  of 
the  propellant  valve.  The  thruster  will  then  be  pulsed  (0.050  sec.  on  at 
1  Hz)  for  20  pulses  or  until  the  chamber  pressure  has  stabilized.  This 
sequence  shall  be  repeated  a  minimum  of  2  times  with  the  option  of  per¬ 
forming  one  iteration  during  the  initial  thruster  firing  of  the  thruster 
baseline  performance  tests. 
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2.  CONDITIONS 


2.1  Personnel .  The  following  personnel  are  required  to  perform  thi 
test. 

a)  Test  Engineer  or  Conductor  (1) 

b)  Instrumentation  technician  (1) 

c)  Mechanical  technician  (1) 


2.2.1  Personnel  Safetj 


*  CAUTION  * 


All  persons  engaged  in  this  test  shall  be  thoroughly 
familiar  with  this  procedure,  the  facilities  used  in 
the  performance  of  this  test,  and  the  hardware  to  be 
tested.  Further,  all  personnel  must  be  familiar  with 
the  test  area,  the  appropriate  operating  procedures, 
and  the  methods  established  for  the  handling  of  mono¬ 
propellant  hydrazine. 


2.2.2  Hardware  Safety 


*  CAUTION  * 


Personnel  shall  exercise  caution  to  prevent  damage 
to  the  test  hardware. 


•  Ground  Verification  Test  Plan  I.O.C. 
FSC-F2- PR0P-007 
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b)  Reference: 

•  TRW  Drawing  410618  1.0  lbf  Thruster  Assembly 

•  TRW  Drawing  412118  0.10  lbf  Thruster  Assembly 

•  TRW  Drawing  412156  Propulsion  Feed  System  Assembly 

•  TRW  77.4751.2-119,  Procedure  for  Propellant  Tank  Filling 
with  Hydrazine 

•  TRW  77.4751.2-120,  Procedure  for  Operating  Electrothermal 
and  Catalytic  Hydrazine  Engines 

2.3.2  Test  Setup.  Hot  fire  testing  using  monopropellant  hydrazine 
shall  be  performed  in  TRW's  Low  Thrust  Test  Facility  in  Building  01  and 
according  to  approved  operating  and  test  procedures.  The  test  activity 
shall  be  in  accordance  with  facility  operating  procedures  77.4751.2-119 
and  77.4751.2-120.  The  test  setup  shall  consist  of  the  following 
facility  hardware,  test  media,  and  Instrumentation. 

a)  Facility  Hardware: 

•  Propellant  Supply  System  (see  Figures  2  through  5) 
e  DTM  mounting  bracket 

•  Vacuum  chamber,  0.1  psia  max  at  0.005  lbs/sec  N^H^ 

•  Latching  Isolation  vavles  (4)  TRW  Drawing  No.  C410613 

•  In-line  Filter  10  y  (1)  TRW  Drawing  No.  C410612  or 
equivalent 

b)  Test  Media:  * 

•  Propellant,  Hydrazine,  MIL  P  26536C  Amendment  1,  mono¬ 
propellant  grade  with  the  following  exceptions: 

Water  *  0.5  to  1.0  percent  by  weight 

Aniline  *  0.005  percent  maximum  by  weight 

CO2  ■  0.005  percent  maximum  by  weight 

Ammonia  *  0.4  percent  maximum  by  weight 


•  Pressurant,  Nitrogen,  MIL- P-27401 B 


c)  Instrumentation 

•  Digital  Data  Acquisition  System,  01  Low  Thrust  Test 
Facility 

a  Transducer,  Pressure  (Taber  Model  226  or  equivalent) 

a  Transducer,  Pressure  (Bell  and  Howell  Model  4-353-0001 
or  equivalent) 

•  Thermocouple,  chrome! -alumel ,  6  required  (Thermocouples 
may  be  added  or  deleted  at  the  direction  of  the  Test 
Conductor  or  Thruster  Engineer). 

a  Timing  Equipment  for  Steady  State  firings 

•  Data  Recording  Equipment  (Oscillograph  and  Stripcharts) 
a  Power  Supplies:  0-35  Vdc 

a  Flight  equivalent  valve  driver  circuit  (SK107-2) 

A  Pulse  generator  and  timing  equipment  for  duty  cycle 
firings 

A  Thermocouple  data  recorder  (Esterline  Angus  Series  E) 

2.3.3  Test  Items.  The  test  item  is  a  FSC  similar  dual  thruster  module 
wherein  two  thrusters  are  mounted  (1.0  lb^  and  a  0.10  Ib^.).  The  DTM 
shall  be  identical  to  FSC  flight  units,  i.e.,  thermostats,  catalyst 

bed  heaters,  heat  shields,  valve  heaters,  bracket  and  thermal  standoffs. 

The  1.0  lbf  thruster  is  a  flight  spare  which  has  been  acquired  from 
stores  and  modified  to  incorporate  a  chamber  pressure  ( Pc )  tap  for 
performance  measurement.  The  thruster  chamber  shall  be  mounted  to  a 
Allen  or  Consolidated  Controls  manufactured  valve. 

The  0.10  Ibf  thruster  is  also  a  FSC  spare  thruster  assembly.  The 
chamber  has  been  removed  to  allow  installation  of  a  Pc  tap  In  the  nozzle, 
thruster  is  then  re-assembled,  catalyst  loaded,  and  installed  on  an  Allen 
or  Consolidated  Controls  propellant  valve.  The  DTM  with  both  thrusters 
is  shown  in  Figure  1. 

2.3.4  Propellant  Sampling.  Propellant  sample  shall  be  taken  and 
analyzed  from  the  drum  when  a  new  drum  of  propellant  is  used.  A  Tine 
sample  shull  be  taken  from  the  propellant  supply  system  within  four  weeks 


Immediately  preceding  the  test.  Re-sampling  shall  be  performed  whenever 
the  tank  is  reloaded. 

2.3.5  Photographs .  Pre  and  post  test  photographs  shall  be  taken  of  the 
DTM  in  each  test  setup  configuration.  Sufficient  photos  shall  be  taken 
to  document  each  test  configuration. 

3.  PROCEDURES 

3.1  Propellant  Feed  System  Installation  (Fixed  Length  Portion) 

3.1.1  Install  the  propellant  tank  and  GNg  pressurizing  system  in  accordance 
with  each  test  requirement.  The  part  of  the  propellant  system  that  comes 

in  contact  with  the  propellant  shall  be  comprised  only  of  stainless  steel 
components  with  Teflon  or  EPR  seals.  Liquid  lines  shall  be  fabricated 
of  0.25  x  ,016w  tubing  only.  Tube  fittings  in  the  liquid  flow  stream  shall 
be  bored  out  to  0.218  inch  I.D.  The  hand  valve  directly  below  the  pro¬ 
pellant  tank  shall  be  of  3/8  inch  capacity. 

3.1.2  Prior  to  final  leak  testing  the  system  shall  be  removed  and  cleaned 
to  PR  2-2  level  S  and  reinstalled. 

3.1.3  The  propellant  tank  shall  be  filled  in  accordance  with  Procedure 
No.  77.4751.2-001,  procedure  for  filling  propellant  tank  from  drums. 

3.1.4  Propellant  saturation  shall  be  accomplished  by  bubbling  GN^  at  a 
controlled  TBD  rate  through  the  propellant  at  a  pressure  50  psi  higher  than 
the  test  pressure.  The  propellant  shall  be  saturated  in  this  manner  for  a 
minimum  of  TBD  hours.  After  saturation  has  been  accomplished  the  propellant 
shall  be  vented  to  the  proper  test  pressure  and  allowed  to  stand  for  an  addit 
ional  TBD  minutes  prior  to  initiation  of  testing. 

3.2  Dual  Thruster  Module  (DTM)  Installation 

3.2.1  Install  the  DTM  on  the  facility  mounting  bracket  and  secure. 

3.2.2  Connect  propellant  lines  and  leak  test  at  300  psig  with  Snoop. 

Verify  no  leaks. 

4 

3.2.3  Bleed  in  propellant  in  accordance  with  77.4751.2-120  para.  ,3.2.11. 
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3.3  Pre-test  Procedure 

NOTE:  The  following  may  be  completed  simultaneously  with  DTM 
Installation,  Paragraph  3.2. 

3.3.1  Verify  that  all  applicable  test  equipment  has  current  calibration 
stickers.  Complete  instrumentation  list  in  Data  Sheet. 

3.3.2  Install  thermocouples  as  required  by  instrumentation  configuration 
sheet.  Connect  thermocouples  to  patch  board  inside  vacuum  tank. 

3.3.3  Connect  catalyst  bed  and  valve  heater  leads. 

3.3.4  Check  out  heater  and  thermocouple  circuits.  Check  TA's  valve  coils 
for  continuity. 

3.3.5  Check  flight  type  valve  driver  circuits  as  follows: 

3. 3. 5.1  Turn  110  VAC  switch  to  "ON." 

3. 3. 5. 2  Turn  28  VDC  switch  to  "ARM,"  test  switch  to  "TEST." 

3. 3. 5. 3  Measure  voltage  across  test  points  8  and  11.  The  measured  valve 
shall  be  29  ±0.5  VDC. 

3. 3. 5. 4  Turn  manual  fire  switch  to  ON." 

3. 3. 5. 5  Measure  voltage  across  test  points  8  and  11.  The  measured  value 
shall  be  less  than  0.5  VDC. 

3. 3. 5. 6  Turn  the  manual  fire  switch  to  "OFF." 

3.3.6  Complete  instrumentation  and  recording  requirements  as  required 
by  Instrumentation  Configuration  Sheet. 

3.3.7  Verify  magnetic  tape,  oscillograph  and  strip  chart  operation. 

3.3.8  Verify  proper  operation  of  "off-modulation"  circuit  by  performing 
"dry-firing"  with  simulated  valve  resistance. 

3.3.9  Verify  proper  operation  of  all  latching  (ISO)  and  remote  valves 
in  propellant  feed  system. 
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3.4  Pre-fire  Procedure 

3.4.1  Verify  that  all  hydrazine  aspirate  valves  are  closed  and  capped. 

3.4.2  Verify  all  instrumentation  is  secured  and  patched  in. 

3.4.3  Close  vacuum  chamber  door  and  pump  down  to  0.01  psia  maximum. 

3.4.4  Activate  catalyst  bed  heaters  and  stabilize  thruster  barrier  tube 
temperature  at  150  ±20°F.  Do  not  exceed  15  VDC  on  catalyst  bed  heater 
voltage.  Valve  heaters  may  be  used  as  required  if  the  barrier  tube  does 
not  attain  150°F. 

3.5  Thruster  Operation  (Performance  Baseline) 

NOTE:  Reference  Table  3. 

3.5.1  Conduct  pulse  mode  tests  as  follows: 

Note  that  para.  3.5  shall  be  performed  twice  for  each  thruster  under 
the  following  conditions: 
o  Perform  3.5  with  unsaturated  propellant, 
o  Perform  3.5  with  saturated  propellant. 

3. 5. 1.1  Configure  feed  system  per  Figure  5  and  perform  Paragraphs  3.1, 

3.3  and  3.4. 

3. 5. 1.2  Conduct  high  and  low  signal  calibration  on  each  computer  channel 
as  applicable. 

3. 5. 1.3  Set  pulse  width  to  the  requirement  of  Test  1  Table-3  (0.050  sec.) 

3. 5. 1.4  Check  pulse  width  with  simulated  valve  resistance.  Adjust  as 
necessary. 

3. 5. 1.5  Select  TA  valve  coil  AB. 

3. 5. 1.6  Adjust  TA  inlet  pressure  to  240  ±  5  psia. 

3. 5. 1.7  Verify  that  TA  barrier  tube  temperature  is  150  ±20°F. 

3. 5. 1.8  Activate  computer  and  start  recorders. 

3. 5. 1.9  Start  oscillograph  and  fire  ten  (10)  pulses.  (Test  III-1C,  Task  III). 

3.5.1.10  Stop  oscillograph.  Verify  thruster  pulse  and  chamber  temperature 
ri  se. 

3.5.1.11  Monitor  chamber  temperature  on  digital  readout.  Fire  next  pulse 
when  barrier  tube  temperature  returns  to  150  ±20 °F.  Continue  firing  per 
Test  1  until  required  number  of  pulses  has  been  fired. 


3.5.1.12  Adjust  TA  inlet  pressure  to  the  requirement  of  Test  2  Table  3 
(350  ±  5  psia). 

3.5.1.13  Repeat  steps  3. 5. 1.7,  3. 5. 1.8  and  3.5.1.11. 

3.5.1.14  Adjust  TA  inlet  pressure  to  the  requirement  of  Test  3  Table  3 
(100  ±  5  psia) . 

3.5.1.15  Repeat  steps  3. 5. 1.7,  3. 5. 1.8  and  3.5.1.11. 

3.5.1.16  Conduct  post  test  calibrations  as  required. 

3.5.2.  Conduct  steady  state  firing  as  follows: 

3. 5. 2.1  Conduct  high  and  low  signal  calibration  on  each  computer  channel 

3. 5. 2. 2  Increase  TA  inlet  pressure  to  350  t  5  psia  (Test  4  Table  3). 

3. 5. 2. 3  Select  valve  coil  AE. 

3. 5. 2. 4  Verify  that  TA  barrier  tube  temperature  is  150  ±15°F. 

3. 5. 2. 5  Start  recorders. 

3. 5. 2.6  Activate  computer. 

3. 5. 2. 7  On  the  valve  driver  panel,  turn  28  VDC  switch  to  "ARM"  and  test 
switch  to  "RUN." 

3. 5.2.8  Start  oscillograph  in  accordance  with  Table  1. 

3. 5.2. 9  Turn  Manual  fire  switch  to  "ON"  position.  Visual  monitor  chambe 
pressure.  Fire  thruster  for  60  ±1  seconds.  Turn  manual  fire  switch  to 
"OFF"  position.  Stop  Oscillograph. 

3.5.2.10  Conduct  post  test  calibrations  as  required.  Stop  recorders. 

3.5.2.11  Repeat  steps  3. 5. 2. 2  -  3.5.2.10  for  inlet  prssures  of 
240  ±  5  psia  and  100  ±5  psia. 

3.5.3  Repeat  Paragraph  3.5  for  0.10  lb^  thruster  firiny,  except  note 
that  pulse  width  is  now  0.020  seconds  on,  and  delete  steps  3.5. 1.9 
and  3.5.1.10.  Change  test  numbers  in  accordance  with  Table  3. 


3.6  Thruster  Operation  (Task  III) 

3.6.1  Configure  propellant  feed  system  per  Figure  5  and  Paragraph  3.1. 

3.6.2  Aspirate  propellant  line  between  downstream  ISO  valve  and  thruster 
assembly. 

3.6.3  GN£  purge  above  line  length  for  5  minutes  minimum. 

3.6.4  Perform  Paragraph  3.3  of  this  procedure. 

3.6.5  Close  vacuum  chamber  door  and  evacuate  to  0.01  psia  maximum  with 
aspirate  valve  open.  Note:  Be  sure  ISO  valve  (V2)  is  closed. 

3.6.6  Open  TA  valve  for  5  minutes  minimum.  Note:  Reduce  voltage  applied 
to  valve  coils  and  monitor  valve  temperature  during  this  holding  period. 
Valve  temperature  shall  not  exceed  220°F. 

3.6.7  After  closing  TA  valve,  open  vacuum  chamber  door  and  bleed  in 
propellant  up  to  TA.  Close  aspirate  valve  and  perform  Paragraph  3.4  of 
this  procedure. 

3.6.8  Conduct  high  and  low  signal  calibration  on  each  computer  channel 
as  applicable. 

3.6.9  Set  pulse  width  to  requirement  of  Test  III-1A  Table  1  (0.050  sec.). 

3.6.10  Check  pulse  width  with  simulated  valve  resistance.  Adjust  as 
necessary. 

3.6.11  Select  TA  valve  coil  AB. 

3.6.12  Adjust  TA  inlet  pressure  to  240  ±  5  psia. 

3.6.13  Verify  TA  barrier  tube  temperature  is  150  ±20°F. 

3.6.14  Activate  computer  and  start  recorders. 

3.6.15  Start  oscillograph  and  fire  twenty  (20)  pulses.  Stop  oscillograph. 
Verify  thruster  pulse  and  chamber  temperature  rise. 

3.6.16  Conduct  post  test  calibrations  as  required. 

3.6.17  Repeat  steps  3.8.1  through  3.8.15. 


B-16 


3.7  Thruster  Operation  (Task  I) 

Note:  Perform  informal  "walk-through"  of  gas  Ingestion  chamber 
operating  procedures  before  beginning  this  portion  of  the 
test  sequence. 

3.7.1  Perform  pulse  mode  testing  of  the  1.0  lb^.  and  0.10  lb^  thrusters 
with  bubble  ingestion  as  follows: 

3. 7. 1.1  Configure  propellant  feed  system  per  Figure  2  and  Paragraphs  3.1, 
3.3  and  3.4. 

3. 7. 1.2  Aspirate  (if  necessary)  the  Bubble  ingestion  chamber  with 
valves  V3  and  V4  closed,  valve  V5  open. 

3. 7. 1.3  GN2  purge  the  bubble  ingestion  system  for  5  minutes  minimum  with 
valves  V3  and  V4  closed,  V5  and  V6  open. 

3. 7. 1.4  Close  V6.  Pressurize  bubble  ingestion  system  through  V5  to  TBD 
psia.  Close  V5.  Open  V3. 

3. 7. 1.5  Conduct  high  and  low  signal  calibration  on  each  computer  channel 
as  applicable. 

3. 7. 1.6  Set  pulse  width  to  requirement  of  Test  I-1A  Table  1. 

3. 7. 1.7  Check  pulse  width  with  simulated  valve  resistance.  Adjust  as 
necessary. 

3. 7. 1.8  Select  TA  valve  coil  AB. 

3. 7. 1.9  Adjust  TA  inlet  pressure  to  240  t  5  psia.  Close  V2,  open  V6. 
Verify  PINJ  is  240  ±  5  psia. 

3.7.1.10  Verify  TA  barrier  tube  temperature  is  150  ±20°F. 

3.7.1.11  Activate  computer  and  start  recorders. 

3.7.1.12  Start  Oscillograph  and  initiate  pulse  mode  firing  for  TBD  pulses. 
Start  timer  simultaneously. 

3.7.1.13  Monitor  chamber  pressure  and  temperature  to  verify  proper 
thruster  operation. 

3.7.1.14  Stop  timer  as  soon  as  bubble  has  reached  thruster  (indicated 
by  loss  of  chamber  pressure).  Record  time  (Tg)  on  data  sheet. 

3.7.1.15  Continue  firing  until  bubble  has  completely  passed  through  the 
thruster  (Indicated  by  nominal  chamber  pressure  level).  Continue  firing 
for  15  ±5  pulses,  then  terminate. 
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3.7.1.16  Repeat  steps  3. 7. 1.2  through  3.7.1.15  with  bubble  ingestion 
pressure  (G^)  of  TBD. 

3.7.1.17  Repeat  step  3. 7. 1.2  through  3. 7. 1.6  firing  the  0.10  lb^. 
thruster. 

3.7.2  Perform  AV  simulation  tests  as  follows: 

3. 7.2.1  Configure  propellant  feed  system  as  shown  in  Figure  3  per 
Paragraph  3.1  of  this  procedure. 

3. 7. 2. 2  Perform  Paragraphs  3.3  and  3.4  of  this  procedure. 

3. 7. 2. 3  Insure  the  following  valve  status:  V3,  V4,  V5,  V6  closed,  VI 
V2  open. 

3. 7. 2. 4  Conduct  high  and  low  signal  calibration  on  each  computer 
channel  as  required. 

3. 7. 2. 5  Set  off-modulation  pulse  width  to  requirement  of  Test  1-2A 
Table  1. 

3. 7. 2. 6  Check  off  modulation  pulse  width  with  simulated  valve  resistance 
Adjust  if  necessary. 

3. 7. 2. 7  Select  TA  valve  coil  AB. 

3. 7. 2. 8  Adjust  TA  inlet  pressure  to  240  ±5  psia. 

3. 7. 2. 9  Verify  TA  barrier  tube  temperature  is  150  ±20°F. 

3.7.2.10  Activate  computer  and  start  recorders. 

3.7.2.11  Start  Oscillograph  and  initiate  thruster  steady  state  firing 
for  66  ±5  sec.,  then  off  modulate  per  Table  1  (0.050  sec.  off,  2  sec.  on) 
for  TBD  pulses,  or  unt  I  "choking"  is  observed  (loss  of  chamber  pressure) 

3.7.2.12  Repeat  steps  3. 7. 2. 3  through  3.7.2.11  except  insure  that 
valve  temperature  is  200°F  minimum  prior  to  initiation  of  steady  state 
firing.  (Test  I-2B) 
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3.7.3  Perform  thruster  "thermal  choking"  Investigation  tests  as  follows: 

3. 7. 3.1  Configure  propellant  feed  system  per  figure  3  and  paragraph  3.1,  3.3 
and  3.4. 

3. 7. 3. 2  Aspirate  (if  necessary)  the  bubble  ingestion  chamber  with  valves  V3 
and  V4  closed,  valve  V5  open. 

3. 7. 1.3  GN2  purge  the  bubble  ingestion  system  for  5  minutes  minimum  with 
valves  V3  and  V4  closed,  V5,  V6  open. 

3. 7. 1.4  Close  V6.  Pressurize  bubble  ingestion  system  through  V5  to  TBD  psia. 
Close  V5.  Open  V3. 

3.7. 1.5  Conduct  high  and  low  signal  calibration  on  each  computer  channel  as 
applicable. 

3.7. 1.6  Set  off -modulation  pulse  width  to  requirement  of  test  I-2C  table  1. 

3.7. 1.7  Check  off-modulation  pulse  operation  with  simutated  valve  resistance. 
Adjust  if  necessary. 

3. 7. 1.8  Select  TA  valve  coil  AB. 

3. 7. 1.9  Adjust  TA  inlet  pressure  to  240  ±  5  psia.  Close  V2,  open  V6.  Verify 
Pinj  is  240  t  5  psia. 

3.7.1.10  Verify  TA  barrier  tube  temperature  is  200°F  minimum. 

3.7.1.11  Activate  computer  and  start  recorders. 

3.7.1.12  Start  oscillograph  and  initiate  thruster  steady  state  firing  for 
Tg-TBD  seconds,  off-modulate  for  TBD  pulses  or  until  "choking"  is  observed. 

3.7.1.13  Repeat  steps  3.7. 3. 2  through  3.7.1.12  an  additional  five  times  in 
accordance  with  tests  I-2D  through  1-24  of  table  1. 

3.8  Thruster  Operation  (Task  II) 

3. 8. 1.1  Configure  propellant  feed  system  in  accordance  with  figure  3  and 
paragraph  3.1. 

3.8. 1.2  Perform  paragraph  3.3  and  3.4. 

3.8. 1.3  Conduct  high  and  low  signal  calibration  on  each  computer  channel  as 
applicable. 
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3.8. 1.4  Set  pulse  width  to  the  requirement  of  test  II-1A  table  1. 

(.050  sec.) 

3. 8. 1.5  Check  pulse  width  with  simulated  valve  resistance.  Adjust  as 
necessary. 

3.8. 1.6  Select  TA  valve  coil  AB. 

3.U.1.7  Verify  ISO  valve  status:  V3,  V4,  V5,  V6  closed,  VI,  V2  open. 

3. 8.1. 8  Adjust  TA  inlet  pressure  to  2781  5  psia. 

3.8. 1.9  Close  VI. 

3.8.1.10  Verify  TA  barrier  tube  temperature  is  150  ±20°F. 

3.8.1.11  Activate  computer  and  start  recorders. 

3.8.1.12  Start  oscillograph  and  fire  TBD  pulses.  Monitor  strip  charts  to 
verify  pulse  and  chamber  temperature  rise. 

3.8.1.13  Vent  tank  to  240  ±5  psia  and  wait  for  TBD  minutes. 

3.8.1.14  Open  VI. 

3.8.1.15  Activate  computer,  start  recorders,  start  oscillograph  and  fire  TBD 
pulses. 

3.8.1.16  Close  VI. 

3.8.1.17  Activate  computer,  start  recorders,  start  oscillograph  and  fire 
thruster  until  all  propellant  in  line  has  been  used  (indicated  by  loss  of 
chamber  pressure  and  inlet  pressure.) 
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3.8.2  Perform  tests  on  0.10  1bf  thruster  as  follows: 

3. 8. 2.1  Configure  propellant  feed  system  in  accordance  with  Figure  4  and 
Paragraph  3.1. 

3. 8. 2. 2  Perform  Paragraphs  3.3  and  3.4. 

3. 8. 2. 3  Conduct  high  and  low  signal  calibration  of  each  computer  channel 
as  applicable. 

3. 8.2.4  Set  pulse  width  to  the  requirement  of  test  II-2A,  Table  1. 

(0.020  second). 

3. 8. 2. 5  Check  pulse  width  with  simulated  valve  resistance.  Adjust  as 
necessary. 

3. 8. 2. 6  Select  TA  valve  coil  AB. 

3. 8. 2. 7  Verify  ISO  valve  status:  V3,  V4,  V5,  V6  closed,  VI,  V2  open. 

3. 8. 2. 8  Adjust  TA  inlet  pressure  to  240  ±  5  psia. 

3.8.2. 9  Close  VI. 

3.8.2.10  Verify  TA  barrier  tube  temperature  is  150  ±20°F. 

3.8.2.11  Activate  computer  and  start  recorders. 

3.8.2.12  Start  oscillograph  and  fire  TBD  pulses  to  completely  remove  pro¬ 
pellant  in  line.  Monitor  pulse  and  chamber  temperature  use  for  thruster 
firing  verification. 

3.8.2.13  Allow  thruster  barrier  tube  temperature  to  cool  to  150  ±20°F. 

3.8.2.14  Open  VI. 

3.8.2.15  Activate  computer  and  start  recorders. 

3.8.2.16  Start  oscillograph  and  fire  TBD  pulses  to  completely  remove  propel¬ 
lant  in  line.  Monitor  pulse  and  chamber  temperature  use  to  verify  proper 
thruster  operation. 

3.9  Thruster  Operation  (Performance  Re-Baseline) 

NOTE:  Reference  Table  3. 

3.9.1  Conduct  pulse  mode  tests  by  performing  Paragraph  3.5.1,  jxcept  delete 
steps  3. 5. 1.9  and  3.5.1.10. 


3.9.2  Conduct  steady  state  tests  by  performing  Paragraph  3.5.2. 

3.10  System  Shutdown 

3.10.1  Reduce  inlet  pressure  to  50  +  20  psia. 

3.10.2  Wait  until  thruster  cools  to  300  °F. 

3.10.3  Stop  vacuum  pump  and  return  chamber  pressure  to  atmospheric  using 
nitrogen  gas.  Open  door  of  vacuum  tank. 

3.10.4  Remove  instrumentation  leads  from  thruster.  Remove  heaters  and  mount 

3.10.5  Close  manual  TA  isolation  valve. 

3.10.6  Remove  thruster.  Immediately  cap  TA  inlet  and  propellant  supply  line 

4.  DATA  REQUIREMENTS 

4.1  Acquisition 

4.1.1  All  tests  shall  be  conducted  in  accordance  with  Tables  1,  2  and  3. 

4.1.2  If  data  from  a  particular  test  run  is  invalid  due  to  instrumentation 
or  procedural  errors,  that  test  may  be  repeated.  The  retest  is  contingent 
upon  approval  of  the  thruster  engineer  and  documentation  of  the  error 
necessitating  retest. 

4.1.3  Data  acquisition  shall  be  by  digital  computer  with  storage  of  reduced 
data  on  magnetic  tape.  Additional  data  will  be  recorded  on  oscillograph  and 
strip  charts  directly  and  be  hand  recorded  on  data  sheets  from  DVM's. 

4.1.4  Test  instrumentation  shall  be  in  accordance  with  Table  2  and  Figure  1. 
4.2.  Reduction 

4.2.1  Digital  data  shall  be  processed  to  produce  thefollowing  measurements: 
e  Inlet  pressure 

•  Nozzle  temperature  (for  each  thruster) 

•  Chamber  temperature  (for  each  thruster) 

•  Barrier  tube  temperature  (for  each  thruster) 

•  Valve  temperature  (for  each  thruster) 
t  Chamber  pressure  (for  each  thruster) 

4.3  Data  Retention  and  Reporting 

4.3.1  All  data  shall  be  submitted  to  the  thruster  engineer  for  review. 
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TABLE  2.  TEST  INSTRUMENTATION  AND  DATA  REQUIREMENTS 


Parameter  Symbol  Strip-Chart  O-Graph  Digital  Computer 


Chamber  Pressure 
(1.0  lbf  Thruster) 

pci 

X 

X 

.-X 

Chamber  Pressure 
.  (0.10  lbf  Thruster) 

PC2 

X 

X 

X 

Injection  Pressure 

PJNJ 

X 

X 

X 

Vacuum  Pressure 

PVAC 

X 

Valve  Voltage 

(1.0  lbf  Thruster) 

VE1 

X 

Valve  Voltage 

(0.10  lbf  Thruster) 

VE2 

X 

Valve  Current 

(1.0  lbf  Thruster) 

vii 

X 

Valve  Current 

(0. 10  lbf  Thruster) 

Vl2 

X 

Thermistor  (Barrier  Tube) 
(1.0  lbf  Thruster) 

Tl 

X 

X 

Thermocouple  (Valve) 

(1.0  lbf  Thruster) 

tc2 

X 

X 

Thermocouple  (Chamber) 

(1.0  lbf  Thruster) 

tc3 

X 

X 

Thermocouple  (hozzle) 

(1.0  lbf  Thruster) 

tc4 

X 

X 

Thermistor  (Barrier  Tube) 
(0. 10  lbf  Thruster) 

T5 

X 

X 

Thermocouple  (Valve) 

(0.10  lbf  Thruster) 

.  tc6  . 

X 

X 

Thermocouple  (Chamber) 
(0.10  lbf  Thruster) 

tc7 

X 

X 

Thermocouple  (Nozzle) 

(0.10  lbf  Thruster) 

tc8 

X 

X 

TABLE  3.  BASELINE  PERFORMANCE  TESTS 
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VALVE  HEATER  THERMOSTATS 
LOCATED  ON  PLATE  UNDERSIDE. 
1  T/S  PER  VALVE  HEATER 


Figure  1.  GVT  Dual  Thruster  Module 


SUPPLY  TANK 


o 


DATA  SHEET 


TA  (1.0  Lbf)  S/N _ Date _ 

Valve  S/N  _  Test  Start  Date 

TA  (0.10  Lbf)  S/N _  Test  End  Date  _ 

Valve  S/N  _ 


Propellant  Analysis: 

Date  of  Analysis  _ 

Q 

Density  at  77  F,  g/mi  _ 

Water:.  *  _ _ _ 

Hydrazine,  %  _ _ 

Particulate,  mg/L  _ 

Instrumentation: 

Verify  curron  validation  stickers 

List  Primary  Data  Transducers 

Inlet  Pressure  Model  _ 

Inlet  Pressure  Model  _ 

Chamber  Pressure  Model _ 


S/N 

S/N 

S/N 
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SUMMARY  1.0  LBp  THRUSTER  S/N 


TEST  DATA  SUMMARY  0.10  LBp  THRUSTER  S/N 


APPENDIX  C 
PROPELLANT  ANALYSIS 
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R5- 186-80 


TO 


SUBJECT 


OB*N$£  AM)  Sf*Ct  :  YSTtMS  GtKX+ 

ONt  SPACE  PAP*-  PEJONDO  BEACH  •  CALIFORNIA  902 ’8 


INTEROFFICE  CORRESPONDENCE 

4344.3.80-020 

G.  Joseph 

cc  0.  M.  Wever^  .  date 

/  • 

. 12. May  1980 

Analysis  of  Monopropellant  Hydrazine 

* 

FROM  : 

J.  R.  Denson/ 

SLOG 

MAIL  STA. 

44AT 

CTS 

Reference:  MIL-P-26536C,  Amendment  1,  dated  25  Jul  1974, 

"Military  Specification,  Propellant,  Hydrazine, 
Monopropellant  Grade" 

A  sample  of  monopropellant  grade  hydrazine,  without  a  sample  number, 
was  submitted  about  1  May  1980  for  analysis.  Your  request  was  that 
only  the  constituents  to  be  determined  are  those  listed  below.  The 
analyses  were  performed  -according  to  the  methods  described  in  the 
Reference. 


Analysis  of  Hydrazine 


Tests 

Spec  Limits 

Results 

Density  at  77° F,  g/cc 

NR* 

1.004 

Hydrazine,  %  (W/W) 

98.5  min 

99.64 

Ammonia,  %  (W/W) 

NR* 

0.08 

Water,  %  (W/W)~ 

1  ;0  max 

0.28 

Other  Volatile  Carbonaceous 
Material.  %  (W/.W) 

Chloride,  %'  (W/W) 

0.2  max 

<0.01 

0.0005  max 

0.000003 

Non-Volatile  Residue, 

0.02  maxi 

0.006 

%  (W/W) 

Carbon  Dioxide,  %  (W/W) 

0.02  max 

0.001 
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*NR  =  Not  Required 


